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PREFACE

This report was prepared by AeroViron- ent Inc. under task order 1 of

contract F336l5-83-D-4000. This report is a summary of field activities, data,

analysis, conclusions and recommendations prepared as part of the Phase It Stage I

IRP investigation of Beale AFB.

The project team primarily consisted of Mr. Douglas Taylor, Mr. Timothy

O'Gara, Mr. Christopher Lovdahl and Ms. Sheryl Thurston of AeroVironment Inc.

Mr. Taylor served as project manager, Mr. O'Gara served as senior geologist,

Mr. Lovdahl provided laboratory coordination, and Ms. Thurston assisted with

drilling and sampling. Mr. John Keating of Gregg and Associates also served as

field geologist on the project.

AeroVironment wishes to acknowledge the assistance of Beale AFB personnel,

particularly Capt. Stephen Prawdzik and MSgt. William Priest of the Base

Bioenvironmental Engineer's office. Also, the Phase I report prepared by

Engineering Science Inc. and the Photo Waste Sludge Ponds Monitoring Report

prepared by Radian Corp. were used as information sources throughout this project.

This work was accomplished between September 1985 and July 1986.

Capt. Robart Bauer, Technical Services Division, USAF Occupational

Environmental Health Laboratory (USAF OEHL) was the technical monitor.

Approved:

Ivar H. Tombach
Program Manager and Vice President

'I~ ~ESSio,./ B.I

Dou4Wgs B. Taylor, P.E.
Project Manager 37816
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SUM MARY

The United States Air Force has developed the Installation Restoration

Program (IRP) to assess the environmental effects of past hazardous material

handling and disposal activities. As part of that program, the Air Force assigned

Task Order No. II to AeroVironment Inc., under Contract No. F33615-83-A-D-

4000, to conduct a Phase 11 Stage I study of Beale AFB, California. Beale AFB is

located about five miles east of Marysville in Yuba County.

A Phase II study, using a staged approach, is intended to confirm the

information reported in the Phase I (record search) report and to quantify the

concentration and extent of contamination. Phase 11 Stage I was conducted to

evaluate potential contamination at 18 sites that had been identified as possible

hazardous waste sites. Fifteen sites were identified during Phase I and three were

added later, based on information obtained after the Phase I report was completed.

AeroVironment investigated the sites listed below. They are listed in

decreasing order of rank according to the ranking assigned during Phase I using the

hazard assessment rating methodology (HARM). Their locations are shown in

Figure i.

Site I -- Discharge Area No. 1.* This is the West Drainage Ditch, which

receives all surface water runoff from the runway and flightline shops.

Site 2 -- Photo Wastewater Treatment System. This consists of a treatment

plant, injection wells and piping, and two earth-lined sludge ponds.

Site 3 -- The Fire Protection Training Areas (FPTA). During firefighter

training, waste jet fuel has been ignited and extinguished in one of two

unlined pits.

*During Phase I investigation, drainage areas throughout the base were numbered
and designated as "Discharge Areas." This report uses the same designations.
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Site 4 -- Discharge Area No. 2. This is the Battery Shop dry well, a 20-foot

boulder-filled hole used for disposal of neutralized battery acid.

Site 5 -- Dishcarge Area No. 3. This is the drainage swale west of the SR-71

aircraft shelter. This area receives runoff from the taxiway and SR-71

apron.

Site 6 -- Landfill No. 2. This was the base's sanitary landfill from 1967 to

1978.

Site 7 -- Discharge Area No. 4. During World War II, the base belonged to the

Army, which used this area as a biological test site for research on wheat

stem rust. Unused stock is reported to have been treated with chemicals,

incinerated, and the ashes plowed into the ground in 1969.

Site 8 -- Discharge Area No. 6. This area receives the runoff from the test

stand used to test KC-135 and T-38 jet aircraft engines at the 3-57 Test

Cell.

Site 9 -- Discharge Area No. 9. Washwater from cleaning pesticide

application equipment runs off from the Entomology Shop, Building 2560, to

this area.

Site 10 -- Discharge Area No. 5. This area receives runoff from the 3-58

Test Cell, where SR-71 aircraft engines are tested.

Site II -- Discharge Area No. 7. This is the drainage ditch from the Aircraft

Ground Equipment (AGE) Maintenance Facility, where ground support

equipment is serviced and tested.

Site 12 -- Discharge Area No. 10. This was a civil engineering Entomology

Branch (Building 440) in which pesticides and herbicides were stored and

prepared from 1965 to 1980.
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Site 13 -- Landfiil No. I. This was the base sanitary landfill during the

[940's.

Site 14 -- Discharge Area No. 8. In this small bermed area transformers were

drained of oil before repair.

Site 15 -- Landfill No. 3. This is the landfill the base now uses. It opened in

1931 and is permitted by the state as a Class III (nonhazardous) landfill.

Site 16 -- Explosives Ordnance Disposal (EOD) Range Area. This area is used

for demolition and burning of explosives, pyrotechnics and munitions. A

trench at the site receives scrap metal and residual material generated from

the burning and demolition processes.

Site 17 -- Best Slough. Empty deteriorating 55-gallon drums were recently

discovered in several trenches in January 1985.

Site 18 -- Bulk Fuel Storage Facility. Jet fuel, gasoline, diesel fuel and fuel

oils are stored in above-ground tanks. Fuel loading and unloading operations

are also conducted in this area.

Testing Conducted

From October 22 to November 6, 1985, 38 hollow-stem auger borings

(generally 15 feet deep) were drilled and sampled at eight sites. Every three to

five feet, drilling was halted, the drilling plug removed from the auger's hollow

stem, and the split-spoon sampler inserted. The sampler held three six-inch-long,
two-inch-outer-diameter mild steel cylinders. The sampler was driven into the

ground by a hammer and the three cylinders filled with soil. These were then

removed, capped and refrigerated and drilling continued to the next sampling

depth.

Similarly, surface soil and sediment samples were collected at ten sites in

November 1985 by driving a split-spoon sampler containing a single six-inch
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cylinder, two inches in inner diameter into the earth. Surface water samples were

taken at three sites in November 1985 and April 1986 by placing bottles in the

water and allowing them to fill.

Twenty groundwater-monitoring wells were installed during the project. Air

rotary drilling with casing hammer was the method used to complete the drilling.

Wells were constructed with 20-foot stainless steel screens and mild steel risers.

All wells were installed with artificial gravel packs and bentonite clay seals.

Development was completed with a combination of pumping and jet air-lifting.

These 20 monitoring wells plus four existing monitoring wells at Site No. 2

were sampled by collecting water from a valve at the wellhead. All groundwater

samples were collected twice (except for one monitoring well and one production

well sampled only once each).

All samples were sent to the Acurex laboratory in Mountain View, California,

for chemical analyses. All field work was completed in April and Acurex

Corporation completed all laboratory work in May 1986.

Table i summarizes work completed for the project.

Results

Samples collected during this study show that only three of the eighteen sites

have elevated concentrations of contaminants in the groundwater. In wells at the

West Drainage and Landfill No. I, trichlorethylene (TCE) was detected at levels

exceeding the California Department of Health Services action levels. One

monitoring well at the photo wastewater treatment plant area contains levels of

chromium above the Primary Drinking Water Standard. Phenol and other phenolic

compounds were also detected in several monitoring wells, but the analytical

sensitivity of the specified method was not low enough to allow precise

quantification of the concentrations.
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TABLE i. Summary of completed activities.

No. of No. of
Monitoring Soil Soil Samples Surface

ite Site Wells Borings Collected Water Sediment
No. Name Installed* (& Samples) By Hand Samples Samples

I West Drainage I - 3 5

2 Wastewater 1 4 (9) -

Injection Wells

3 FPTA 5 8 (26) 10 (5 locations) 2 2

4 Battery Shop I - -

5 SR-71 1 6 (13)

6 Landfill No. 2 4 -

7 Biological - - 4 (composited
Production from 16 locations)

3 J-57 Test Cell I - 6 (4 locations) -

9 Entomology - 3 (6) -

Building 2560

10 J-58 Test Cell I - 7 (4 locations)

1I ,AGE Maintenance 1 4 (8) 7 (4 locations)

12 Entomology - 5 (6) -

Building 440

13 Landfill No. 1 2 - - 4 8

14 Transformer - - 12 -
Drainage

15 Landfill No. 3 2 - -

16 EOD - - 2 (2 locations) -

17 Best Slough 6 (12) 6

18 Bulk Fuels 4 (16) --

Storage

*Sampled twice each. Also sampled twice were seven base water production wells (one

sampled only once) and four monitoring wells located at the Photo Waste Sludge Ponds
(one sampled only once). Production wells are part of Site I in the Statement of Work.
Sludge Pond wells are part of Site 2.
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Soil sample results showed evidence of hydrocarbons at only five of the IS

sites studied. In each case, the hydrocarbons in the soil have resulted from the use

of POL on the flightline and maintenance areas of the base. There does not appear

to be any extensive migration of the hydrocarbons either laterally or vertically.

Detectable hydrocarbons did not extend below the first few feet of soil and no

groundwater contamination was identified at these sites. Hydrocarbons were

identified in analysis of soil samples from six locations: the burn pit at FPTA

No. 2, the underground storage tank at FPTA No. 2, the drainage channel around

the 3-57 Test Cell, the drainage channel around the J-58 Test Cell, the soil behind

the AGE Maintenance parking apron, and the soil between the SR-71 apron and the

flightline taxiway.

In addition, localized deposits of nonfuel compounds were detected in soil

samples at four locations. PCBs and oil and grease were found at levels of 5.3 and

38,000 ug/g (ppm), respectively, in the surface soil at one portion of the

Transformer Drainage Area. Chlordane was found at a concentration 0.9 lg/g in

the surface soil below the mixing basin at the current Entomology Shop

(Building 2560). The concentrations of chlordane found at these two sites is below

the state of California Total Threshold Limit Concentrations. The bottom of the

disposal trench at the EOD contains levels of lead (14,000 vg/g) high enough to

classify the soil as hazardous waste according to California Title 22 standards.

Finally, potential pentachlorophenol soil contamination was identified at Injection

Tell ",o. 2, but other nearby samples showed no evidence of pentachlorophenol.

Surface water samples collected along the ditch bank at the West Drainage

site contained oil and grease (probably jet fuel). In the second samp!ing round, the

water at the head of the ditch contained almost 20" (20,000 hig/g) hydrocarbon.

Downstream sediment samples were also high in fuel components -- up to 30o

(10,000 Pg/g) by weight. There was very little flow from this drainage system

either time the water was sampled so downstream impacts could not be assessed.

Samples from Hutchinson Creek, near Landfill No. 1, contained the pesticide

aldrin; however, the aldrin was also found in upstream (background) samples,

suggesting that the source is not Landfill No. 1.
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Conclusions and Recommendations

Seven of the sites at FBeale AFB show no evidence of contamination and do

not appear to pose any environmental risk based on the following criteria: 1) no

contaminants were found at concentrations above state action levels, 2) no

contaminants were found in deep soils or groundwater, and 3) sites are not located

near residential areas. Another five sites showed limited contamination, but do not

warrant further investigation. Table ii summarizes specific recommendations for

each site.

Only the EOD site is currently considered appropriate for Phase IV remedial

action (in association with some continued Phase 11 study). However, non-IRP

actions are appropriate for some sites to eliminate or minimize future releases of

fuels and other chemical compounds.

Groundwater contamination (TCE) has been identified at the West Drainage

and at Landfill No. I. Samples from the two wells at Landfill No. I show

substantial fluctuation and additional sampling will be necessary to establish more

precise results at that site. TCE contamination at the West Drainage is well

defined. Although the current groundwater flow pattern is not directly toward

base production wells, a change in pumping patterns could place the base

production wells down gradient from the TCE contaminalion at West Drainage. In

addition, one of the monitoring wells at the Photo Waste Sludge Pond contains

levels of chromium abovc the Federal Drinking Water Standard. Phenol and other

phenolic compounds were identified in Sludge Pond wells, but more precise

analytical methods are needed to determine actual concentrations. Continued

sampling will be required at all wells at the West Drainage, Landfill No. I and

Photo Waste Sludge Pond (plus the monitoring well at the injection well).

Surface water at West Drainage is also contaminated with fuel and other

hydrocarbons. Controlling this contamination will require better management of

fuels, lubricants and other chemicals throughout the flightline area. Runoff from

other IRP sites enters the West Drainage system so that any contaminants from

these other sites may also contribute to contamination at West Drainage. In
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TABLE ii. Recommendations.

Site Recommendation

West Drainage Install three groundwater monitoring
wells, two between Site I and the base
production wells and a third at the base
boundary, downgradient from the site.

Sample the 4 wells (1 existing and 3 proposed)
and test for VOCs (EPA 601/602) and
oil & grease
(EPA 413.2)

Sample surface water and stream bottom
sediments at 8 downstream locations.

Analyze surface water for VOCs
(EPA 601/602), lead (EPA 239.2),
and oil & grease (EPA 413.2).

Analyze bottom sediment for VOCs
(EPA 8010/8020 + 5030), lead (EPA 239.2
+ 3050), and oil & grease (EPA 3550/413.2)

Identify sources of organic material which
flow into west ditch and implement a
plan to eliminate the flow of contaminants
to this site.

2 Injection Well No. 2 Drill 3 soil borings to 30 feet near the
inactive injection wells. Analyze for
Phenols (EPA 8040 +3550), 8 Metals (Series
200 + EPA 3050) and oil & grease (EPA 413.2 + 3550).

Continue monitoring the 5 wells on site
(1 at injection wells and 4 at sludge disposal
area) and analyze for Phenols (EPA 604),
Benzene (EPA 602) and 8 Metals (Series 200).

3 Fire Protection Continue monitoring the 5 existing wells.
Training Area Sample groundwater for VOCs (Method 601/602).

Drill up to 8 additional soil borings near
the underground tanks and burn pit.
Analyze soil samples for oil and grease
(EPA 3550 extraction, EPA 413.2 analysis)
and VOCs (EPA 8010/8020 + 5030).

Remove the underground storage tanks
as a Phase IV activity.
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TABLE ii. (con't)

4 Battery Shop Dry Well - No further action is recommended.

5 SR-71 Shelters - Drill up to 8 additional 20-foot soil borings
between the taxiway and SR-71 apron,
analyze for volatile aromatics (EPA 8020 +5030)
and oil & grease (EPA 413.2 +3550).

- Continue monitoring groundwater in the existing
well, analyze for volatile aromatics (EPA 602)

and oil & grease (EPA 413.2).

- Collect up to 10 hand auger samples
from 5 locations along the edge of the
SR-71 shelter apron. Analyze for same
parameters as soil boring samples.

6 Landfill No. 2 - No further action is recommended.

7 Biological Production - No further action is recommended.
Site

S J-57 Test Cell - No further IRP action is recommended.
However, a fuel spill management plan
should be implemented to minimize further
fuel releases.

9 Entomology Shop, - No further IRP action is recommended.
Bldg. 2560 However, the existing gravel basin should

be replaced with an impermeable basin
and a liquid collection system.

10 J-58 Test Cell - No further IRP action is recommended.
However, a fuel spill management plan
should be implemented to minimize further
fuel releases.

11 AGE Maintenance - No further IRP action is recommended.
However, a fuel spill management plan
should be implemented to minimize further

fuel releases.

12 Entomology Shop, - No further action is recommended.
Bldg. 440
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TABLE ii. (Con't)

13 Landfill No. I - Continue monitoring existing wells semiannually,
sample for TCE (Method 601) and Phenol
(Method 604)

- If warranted after continued sampling
of existing wells, install 2 additional
wells upgradient and downgradient of
Landfill I near property line.

14 Transformer Drainage - No further IRP action is recommended.
However, the berm should be removed
and the soil used to cover the surface
of the site.

15 Landfill No. 3 - No additional IRP work is needed. However,
the base should continue necessary ground-
water monitoring for landfill permit.

16 EOD - Install I groundwater monitoring well.
Sample groundwater and analyze for
metals (Series 200).

- Install 3 temporary piezometers to determine
groundwater gradient before selecting
the well location.

- Phase IV remedial action
Determine depth and excavate
soil from beneath waste metal
trench.

17 Best Slough - No further action is recommended.

18 Bulk Fuel Storage - No further IRP action is recommended.
Facility However, the base should consider

the installation of two monitoring wells
to monitor for leaks which may occur
from the fuel storage area.
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addition to more sampling and two additional monitoring wells at this site, a

comprehensive spill and runoff management program is needed.

Soil samples from several sites contained detectable POL/chemicals;

however, groundwater sampling at these sites showed no contamination. Additional

soil sampling is needed to define the extent of contamination at the SR-71 Shelter,

FPTA, Injection Well No. 2 and EOD. The EOD site will also require a groundwater

monitoring well to check for heavy metals it, the groundwater. Although

hydrocarbons or other organic compounds were detected at several other sites, no

additional IRP work is needed because of the limited extent and low concentrations

(below any applicable standards).

Additional soil/sediment sampling is recommended for the West Drainage

site, Photo Wastewater Injection Well area, FPTAs and SR-71 Shelter area. Three

additional monitoring wells are recommended for the West Drainage (2) and EOD

area (1). Other wells may be needed based upon further sampling of existing

monitoring wells.
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I. INTRODUCTION

A. Installation Restoration Program

In 1976, the Department of Defense (DoD) devised a Comprehensi/e

Installation Restoration Program (IRP), the purpose of which is to assess and

control migration of environmental contamination that may have resulted from

past operations and disposal practices on DoD facilities and to assess the probable

migration of hazardous contaminants. In response to the Resource Conservation

and Recovery Act of 1976 (RCRA) and in anticipation of the Comprehensive

Environmental Response, Compensation and Liability Act of 1980 (CERCLA or

"Superfund"), the DoD issued a Defense Environmental Quality Program Policy

\lemorandum dated June 1980 (DEQ 80-6) requiring the identification of past

hazardous waste disposal sites on DoD agency installations. The U.S. Air Force

(USAF) implemented DEQPP%1 81-5 (December I, 1981), which reissued and

amplified all previous directives and memoranda on the IRP. The Air Force

implemented DEQPPM 81-5 on January 21, 1982. The Installation Restoration

Program has been developed as a four-phase program, as follows:

o Phase I - Problem Identification/Records Search

o Phase 11 - Problem Confirmation and Quantification

o Phase Ill - Technology Base Development

o Phase IV - Corrective Action

B. Installation Restoration Program HIstory at Beale Air Force Base

AeroVironment Inc. (AV) was retained by the U.S. Air Force

Occupational and Environmental Health Laboratory (USAF OEHL) under Contract

F33615-30-D-4000b, to provide general engineering, hydrogeological and analytical

seriices. The following are the objectives of the Phase 11, Stage I investigation at

Beale Air Force Base, California:
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(1) To deLermine the presence or absence of contamination at the loc:t vs

specified for investigation.

(2) If contamination exists, to determine the potential for rnigrdlon of

those contaminants in the various environmental media.

(3) To identify additional investigations necessary to determine

magnitude, extent, direction and rate of migration of disco.,ctrei

contaminants.

(4) To identify potential environmental consequences of and health risks

from migrating pollutants.

In the IRP Phase I record search for Beale (conducted by Engineering

Science), 16 sites were identified as possible or known hazardous waste disposal

sites. They were ranked using the hazard assessment rating methodology (HARM).

The Phase I report recommended that the six highest-ranked sites be investigated

farther in Phase 11, Stage 1. Discussions among USAF OEHL, base officials and

California regulatory personnel (Department of Health Services and Water Quality

Control Board) and EPA Region IX resulted in all 16 identified sites being included

into the Phase II, Stage I study. At the time of the Phase II Stage I Presurvey,

(conducted by Roy F. Weston Inc.), the Explosives Ordnance Disposal area (EOD)

was added to the site list. Later, the Photo Wastewater Treatment Plant and

injection wells, which had been separate sites, were combined into one. Finally,

iust prior to beginning actual Phase II field work, two additional sites were

included: the Bulk Fuels Storage Area and the Best Slough drum disposal site. The

final 18 Phase 11, Stage i sites are, in order of decreasing HARM ranking:

Site I Discharge Area No. 1, West Drainage Ditch

Site 2 Photo Wastewater Treatment Plant and Injection Well (formerly

sites No. 2 and No. 3)

Site 3 Fire Protection Training Areas (Nos. 1 & 2)

Site 4 Discharge Area No. 2, Battery Shop Dry Well

Site 5 Discharge Area No. 3, SR-71 Shelter
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Site 6 Landfill No. 2

Site 7 Discharge Area No. 4, Army Biological Production Site

Site 8 Discharge Area No. 6, J-57 Test Cell

Site 9 Discharge Area No. 9, Entomology Building 2560

Site 10 Discharge Area No. 5, 3-5S Test Cell

Site It Discharge Area No. 7, Aircraft Ground Equipment Maintenance

Drainage Ditch

Site 12 Discharge Area No. 10, Entomology Building 440

Site 13 Landfill No. 1

Site 14 Discharge Area No. 8, Transformer Drainage

Site 15 Landfill No. 3

Site 16 Explosive Ordnance Disposal (EOD) Area

Site 17 Best Slough

Site 18 Bulk Fuel Storage Facility

Table I- I summarizes the investigative effort for each of these sites. AV installed

20 groundwater monitoring wells at II sites throughout the base. Samples were

collected from these 20 wells plus monitoring wells at the Photo Wastewater

Treatment Plant and base water production wells. At Landfill No. I, AV conducted

geophysical surveys to define the site boundaries and to help select well locations.

AV also collected soil samples using hollow stem augers from 8 sites and

hand-collected surface soil samples at 10 more. Surface water and sediment

samples were collected at 3 sites.

C. Duration of the Program

The IRP program began at Beale Air Force Base (AFB) with a Phase I

records search conducted in January-April 1984 by Engineering-Science ir c. The

Phase I report identified 16 s" es as potentially contaminated, but recom nended

further work on only the top six sites (based on HARM scores). In Febrdary 1984,

USAF OEHL conducted a presurvey for the Phase 11, S-:age 1 effort. At that time,

USAF had decided to look at all 16 sites identified in Phase 1, and the EOD area.

Between November 1984 and May 1985, two additional sites were added to the

Phase 11, Stage I study, and the two-site designation for the Photo Wastewater
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TABLE 1-1. Summary of planned activities.

No. of
Monitoring Soil Soil Samples Surface

Site Site Wells f3orings Collected Water Sedirne-,-
No. Name Installed* (& Samples) By Hand Samples Sanples

West Drainage I - 4 8

2 Wastewater 1 4 -

Injection Wells

3 FPTA 5 8 (24) 10 (5 locations) 2 2

4 Battery Shop 1 1 (8) -

5 SR-71 1 6 (IS)

6 Landfill No. 2 4 - -

7 Biological - 4 (composited
Production from 16 locations)

S J-57 Test Cell I - 6 (3 locations)

9 Entomology - 3 (6) -
Building 2560

10 J-58 Test Cell I - 8 (4 locations)

I1 AGE Maintenance 1 4 (8) 8 (4 locations)

12 Entomology - 3 (6) -

Building 440

13 Landfill No. 1 2 - - 4 S

14 Transformer - - 12

Drainage

15 Landfill No. 3 2 - -

16 EOD - - 2

17 Best Slough 6 (12) 6 1

18 Bulk Fuels -4 (16) - -

I StorageII
*All wells were sampled two times. Also, 7 base water production wells at the west end

of the base and 4 monitoring wells at the Photo Wastewater Treatment Plant (called
Radian Wells) were sampled. Production wells were studied as part of Site No. I and
Radian Wells were studied as part of Site No. 2.
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Treatment and Injection System were combined into one. This resulted in IS sites

to be investigated. On September 25, 1985 AV received authorization to conduct

the Phase 11, Stage I survey at Beale AFB.

Hollow-stem auger drilling began on October 22, 1985, and continued

until November 16, 1985. Well drilling and development began on October 23,

1985, and wkas completed on 3anuary 8, 1936 (with the exception of Well 01-01,

which was drilled and completed in March 1986). Shallow soil samples and surface

water samples were collected on November 19-23, 1985. AV collected groundwater

samples twice during the project: January 6-10, 1986, and April 14-18, 1986. The

second round of water sampling included surface waters. All field work was

completed by April 18, 1986. Laboratory analyses were completed by May 15,

1986.

D. Base History*

Beale Air Force 3ase (see Figures 1-] and 1-2) opened in October 1942

as Camp Beale. The 13th Armored Division was the first unit to be actively

trained there. f-owever, during the course of World War I, the 81st and 96th

Infantry Divisions were also trained there. In addition, the camp was used as a

personnel replacement depot and prisoner-of-war encampment. It was the site of a

1,000-bed hospital and, at the end of the war, was used as the west coast

separation center.

In 1947, Camp Beale was declared surplus by the War Department and

the War Assets Administration assumed custody. In early 1948, it was transferred

to the United States Air Force. Until 1951, the base was used for bombardier-

navigator training.

In 1951, the Department of the Air Force redesignated the Beale

Bombing and Gunnery Range as "Beale Air Force Base." During its early years in

*The information presented in this section was taken primarily from the Engineering
Science Phase I IRP Report and on-site observations and interviews during Stage I.
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the Air Force, it underwent a number of jurisdictional changes, being, at times,

part of the Air Training Command, the Aviation Engineer Force and, finally, the

Strategic Air Command. By 1958, Beale's first runway was operational.

In July 1959, Beale received its first KC-135 jet Stratotanker, which

was assigned to the 903rd Air Refueling Squadron of the 456th Bombardment Wing.

In September 1959, Beale became the support base for three Titan I missile sites.

In 1960, B-52s were assigned to the base. In 1965, the Titan I missile program was

inactivated and the 4200th Strategic Reconnaissance Wing, which would man and

maintain the SR-71, activated.

In 1976, as a result of a major reorganization at Beale, all 13-52 aircraft

were reassigned. At the same time, the 9th Strategic Reconnaissance Wing gained

U-2 aircraft and the 99th Strategic Reconnaissance Squadron.

In 1979, a phased array radar system was installed. The 10-story

phased-array radar is a detection and early warning system against sea-launched

ballistic missile (SLBM) attacks on the continental United States.

The following subsections give the history and location of the sites

chosen for investigation during this phase. Figure 1-3 shows the location of these

sites. These locations will be shown more precisely in Chapter IV.

I. Discharge Area No. I (West Drainage Ditch)

Since 1965, the West Drainage Ditch has received runoff from the

flightline as well as the runway area. It discharges through a headwall located

about 800 feet west of the main runway. Surface water quality data have

documented oil and grease, trans-1,2 dichloroethene and trace amounts of TCE

(Engineering Science, 1984).
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2. Photo Wastewater Treatment Plant and Injection Well No. 2

The Photo Wastewater Treatment Plant (PWTP) has been used

since 1966 to treat wastewater from the base's reconnaissance photo lab. It is

located on the southwest corner of the base, adjacent to the sewage treatment

plant. No photo wastewater was generated before 1966. Starting in 1967, sludge

was dried in concrete drying beds and disposed of in Landfill 2. In 1974, two

earthen-lined sludge ponds were constructed and used during the winter months.

This practice was continued until 1978, when the concrete beds were abandoned

and the earthen-lined ponds were used year round. From 1967 until 1984, whenever

the treatment plant was shut down for maintenance, 500 to 2,000 gallons of

effluent treated with pentachlorophenol were discharged onto the ground in the

vicinity of the injection wells. This procedure was carried out 12 times a year to

flush out any corrosion in the lines. In 1984, this procedure was terminated at the

request of the California Regional Water Quality Control Board (CRWQCB).

In February 1984, the CRWQCB took soil samples for pentachloro-

phenol near Injection Well No. 2 and adjacent to the sand filters at the plant.

Results showed that levels complied with California standards (Engineering

Science, 1984).

3. Fire Protection Training Areas Nos. I and 2

Fire training exercises have been conducted at Fire Protection

Training Areas (FPTAs) Nos. I & 2 since 1958. Because they are located within 200

feet of each other, they have been combined for evaluation.

From 1958 to 1971, the fire department conducted live fire

training exercises at FPTA No. I. This site is located in thne half acre adjacent to

the intersection of J and 27th Streets. Until the late 1960s, combustible waste

chemicals were accumulated in a shallow two-foot-deep basin in the FPTA. These

chemicals were reported to have included waste oils, spent solvents, and jet fuel.

These chemicals were burned weekly in the basin. Other chemicals were

accumulated in 55-gallon drums and burned in the same basin. The basin area did
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not have a liner, nor was there any preapplication o' water to prevent the

percolation of the waste chemicals into the soil. The materials were applied

directly to the soil and ignited (Engineering Science, 1984).

FPTA No. 2, 200' west of FPTA No. 1, was put into operation in

1972, when use of FPTA No. I was discontinued. This operation burned only

contaminated jet fuel on an area that had first been saturated with water.

There are two 25,000-gallon underground storage tanks located at

FPTA No. 2. The tanks are designated as the "north tank" and the "south tank."

The north tank contains jet fuel that is used by the base Fire Department for live

fire training in the adjacent fire pit. The south tank has traditionally contained

contaminated (dirt, oil, etc.) fuel, hydraulic fluid and waste solvents. Underground

fuel lines run from the tanks to the fuel nozzles at the airplane mock-up in the fire

pit.

The only recorded spill incident at the FPTA occurred in May

1983. Water from the north tank was inadvertently pumped out of the tank and

onto the ground. The intent was to provide additional tank capacity for a leak

check of the tank. Three months previous to this event, the base BEE shop had

analyzed to contents of the north tank (through lab facilities at USAF OEHL) and

reported that the north tank liquid contained lead and chromium levels of 10 and

5.5 mg/l, respectively. The discharge of this liquid onto the ground subsequently

created concern about soil contamination with lead and chromium. Appropriate

regulatory agencies were notified of the spill. Follow-on soil testing by the BEE

did not indicate the need for any remedial action.

4. Discharge Area No. 2 (Battery Shop Dry Well)

From 1972 to 1983, approximately 24 gallons per month of

neutralized battery acid were discharged to this dry well, which is located adjacent

to the Battery Shop (Building 1088). The discharge may have had high lead

concentrations.
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5. Discharge Area No. 3 (SR-71 Shelter)

Since 1966, the ground operation of the SR-71 aircraft has

resulted in about 300 gallons per week of JP-7 being dripped/leaked onto the

hangar floors and parking apron area. Some of the fuel flows with wastewater

from wash-down activities and rain onto the soil adjacent to hard-surfaced areas.

6. Landfill No. 2

This 56-acre landfill, located just south of 6th Street near its

intersection with Earle Road, was used primarily for refuse disposal from the early

1950s until 1980. Between 1967 and 1978, about 380 cubic yards of dried sludge

from the Photo Wastewater Treatment Plant were disposed of here. Small amounts

of chemicals are also known to have been discarded.

7. Discharge Area No. 4 (Army Biological Production Site)

The Biological Test Site, located adjacent to the current Base Rod

and Gun Club, was used by the U.S. Army to produce wheat stem rust from 1962 to

1969. During production, the chemicals used on site included Freon, carbon

dioxide, ethylene oxide and possibly TCE. In 1969, production stocks of wheat stem

rust were chemically treated, incinerated and the ash plowed into the soil on the

site. The Army has indicated that the site has been decontaminated.

8. Discharge Area No. 6 (3-57 Test Cell Drainage Ditch)

The 3-57 Test Cell, located adjacent to Building 1247, receives

runoff from the test stand used to test aircraft engines. Chemicals discharged

include JP-4, PD-680 and soap. Shop personnel estimate that these discharges

have been occurring since 1958 but can only confirm their occurrence since 1966.
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9. Discharge Area No. 9 (Entomology -- Building 2560)

The Entomology shop is responsible for pest control on the base.

Since 1981, rinsate from pesticide application equipment has been discharged onto

a gravel area just outside Building 2560.

10. Discharge Area No. 5 (3-58 Test Cell Drainage Ditch)

The 3-58 Test Cell, located adjacent to Building 1154, has been

routinely used to test the SR-71 jet engines since 1959. Wastes that may have run

off into the drainage channel include JP-7, soap, oil, TCE and PD-680.

11. Discharge Area No. 7 (AGE Maintenance/Drainage Ditch)

Aircraft ground support vehicles parked on a paved area adjacent

to AGE (Aircraft Ground Equipment) Maintenance at Building 1225 leak oil and

hydraulic fluids. This operation has been located here for 25 years, and runoff of

oil and fluids is known to have occurred since 1970, and discharges may have

occurred as early as 1958. A drainage ditch located behind Building 1225 (AGE

Maintenance) shows evidence of having received fuel and oil-contaminated runoff.

Some restoration of the area and stained soil excavation occurred in 1984.

12. Discharge Area No. 10 (Entomology -- Building 440)

The area surrounding Building No. 440 may have been exposed to

pesticide/herbicides from 1965 to 1980 since this site was used to store and mix

pesticides used on the base. The building is currently used by the base's animal

control personnel.

13. Landfill No. I

This 4-acre landfill is located in the southwestern sector of the

base, approximately 1000 feet west of the wastewater treatment plant. it received

refuse during the 1940s, but the source and composition of the refuse is unknown.
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14. Discharge Area No. 8 (Transformer Drainage Area)

The transformer drainage area is located adjacent to 34th Street

near B Street. From 1977 to 1979 transformers were drained in this diked area

before being taken into the shop for repair. Eleven of twelve soil samples

collected by base personnel in 1984 indicated PCB concentrations below the

detectable limit of 0.5 mg/kg (ppm); however, one sample contained

14 mg/kg (ppm) of PCB.

15. Landfill No. 3

This 40-acre landfill, situated east of Landfill No. 2 and adjacent

to 6th Street, was opened in 1981 and is currently in use. It is permitted as a Class

Ill landfill by the California Regional Water Quality Control Board. Waste

deposited here is domestic garbage and refuse.

The following three sites were added to the IRP Phase II investigation

after the Phase I records search. Information on these sites is limited.

16. Explosives Ordnance Disposal Area

The Explosives Ordnance Disposal (EOD) Area is a 70-foot long,

20-foot wide trench located on the northern sector of the base at the EOD range.

It is used for the disposal of spent demolition waste, flares and pyrotechics. After

burning, remains are inspected and unburned ammunition is removed; the burned

portion is disposed in the trench. Base personnel working at this site report that

the operation has been unchanged for at least five years.

17. Best Slough

The Best Slough was added to the IRP list because old drums were

discovered in a 50-100 ft trench near the three bridges area on Gavin Mandry Road

in January 1985. No information is available on what, if anything, was in the drums

or when they were dumped.
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IS. Bulk Fuel Storage

The bulk fuel storage area is located on the northeast side of the

intersection of 6th Street and 3 Street. It has been in use since 1958 and was

evaluated because suspected area contamination from fuel storage and

management activities. Beale's petroleum-handling system includes substantial

volumes of jet fuel (JP-4, JP-7, JPTS), diesel fuel, motor gasoline (MOGAS),

unleaded gasoline and No. 2 fuel oil. Fuels are delivered by pipeline, train or truck

to large cylindrical above-ground storage tanks. Jet fuels (3P-4 and JP-7) are

pumped via pipeline to a flightline dispensing system for refueling aircraft. Trucks

are also used to refuel aircraft. No major spills have occurred to create potential

for contaminant migration.

E. Identification of Laboratory Parameters

Samples from 14 of the sites were tested for volatile organic

compounds (VOC) and oil and grease (O&G). Specific analyses were performed for

constituents known or suspected at four sites; i.e., Entomology Shops

(pesticides/herbicides), Transformer Drainage (PCBs), and EOD (explosive

compounds). Generally, sites likely to have had fuel spills or leaks were also tested

for petroleum hydrocarbons and total phenols. Analyses for lead or heavy metals

were performed if leaded fuels had been used. Landfills were tested for

pesticides/herbicides, phenols and metals, in addition to VOC and O&G. Usually,

soils and water samples from the same site were analyzed for the same

parameters. Table 1-2 shows the specific parameters analyzed for each site.

F. Identification of Field Team

The field investigation team AV assemble..- for the Phase II, Stage I

study at Beale AFB included AV personnel, a drilling subcontractor and a

geophysical subcontractor. The AeroVironment team included the following

professionals:
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TABLE 1-2. Analytical requirements for soil and water samples.

Site Site Parameters for Parameters for
No. Name Water Samples Soil/Sediment Samples

I West Drainage VOC (601/602) VOC (8010/8020)
O&G (413.2) O&G
Heavy Metals Heavy Metals
Phenols (Total) Phenols (Total)

Pesticides/Herbicides (509A,B)

2 Wastewater VOC VOC
Injection Wells O&G O&G

Heavy Metals B/N/A
B/N/A (625)

3 FPTA VOC VOC
O&G O&G
Petroleum Hydrocarbons (418.1) Petroleum Hydrocarbons
Phenols (Total) Phenols (Total)
Lead Lead

4 Battery Shop VOC VOC
O&G O&G
Heavy Metals Heavy Metals
Phenols (Total) Phenols (Total)

5 SR-71 VOC VOC
O&G O&G
Phenols (Total) Phenols (Total)

6 Landfill No. 2 VOC
O&G
Heavy Metals
Pesticides/Herbicides
Phenols (Total)

7 Biological VOC
Production Heavy Metals

w/Extraction (EP Tox)

8 J-57 Test Cell VOC VOC
O&G O&G
Petroleum Hydrocarbons Petroleum Hydrocarbons
Phenols (Total) Phenols (Total)

9 Entomology Pesticides/Herbicides
Building 2560

O&G Oil and Grease Analysis
VOC Volative Organic Analyses
B/N/A = Base/Neutral/Acid organic analyses
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TABLE 1-2. (Continued)

Site Site Parameters for Parameters for
No. Name Water Samples Soil/Sediment Samples

10 J-58 Test Cell VOC VOC
O&G O&G

P Petroleum Hydrocarbons Petroleum Hydrocarbons
Phenols (Total) Phenols (Total)

II AGE Maintenance VOC VOC
O&G O&G
Phenols (Total) Phenols (Total)

12 Entomology -- Pesticides/Herbicides
Building 440

13 Landfill No. I VOC VOC
O&G O&G
Heavy Metals Heavy Metals
Pesticides/Herbicides Pesticides/Herbicides
Phenols (Total) Phenols (Total)

14 Transformer -- O&G
Drainage PCBs (608)

(5 Landfill No. 3 VOC
O&G
Heavy Metals
Phenols (Total)

16 EOD -- Heavy Metals
Explosives Scan

17 Best Slough VOC VOC
O&G O&G
Pesticides/Herbicides Pesticides/Herbicides
Phenols (Total) Phenols (Total)

18 Bulk Fuels -- VOC
Storage O&G

Petroleum Hydrocarbons
Phenols (Total)
Lead
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Mr. Douglas Taylor, P.E., is a project manager in AV's Environmental

Programs Division. He has a Master of Engineering in environmental engineering

and six years' experience in hazardous waste management and site assessments. He

has managed numerous DoD, EPA, and private party site investigations and

sampling programs. As project manager for the Beale study, he was the main

interface between AV and USAF OEHL and was responsible for the scheduling of

field work (drilling and sampling), for the management of drilling and laboratory

subcontractors, and for personnel staffing and technical review.

Wr. Timothy O'Gara is the leader of AV's Earth Sciences Section. He

holds a B.A. in earth science and has six years' experience in groundwater

monitoring and hazardous wsiste investigations. Mr. O'Gara has directed drilling,

well installation and soil sampling programs at sites throughout California. At

Beale, he was responsible for directing the well-drilling program. His duties dur g

this project included coordinating with base personnel, selecting well locations,

supervising the drilling crews, and reporting on hydrology.

Mr. Christopher Lovdahl, an environmental chemist at AV, holds a

B.S. in environmental science and has six years' experience in environmental

compliance, waste site sampling and analytical chemistry. He worked for four

years at industrial facilities and analytical laboratories prior to his IRP

involvement. At Beale, Mr. Lovdahl was responsible for reviewing well sampling

requirements and coordinating with the laboratories. He served as the point of

contact between AV and the analytical chemistry laboratory at Acurex, instructing

Acurex on selected methods and special handling. He also performed QA/QC

reviews on all laboratory data.

Mr. John Miller, a geochemist at AV with an M.Sc. in geochemistry, has

eight years' experience in geology and geochemistry in the mining and mineral

processing industries. He has worked extensively with soil sampling, laboratory

analysis and quality assurance. Mr. Miller served as a field geologist during the

well drilling program. He was responsible for logging the samples and designing the

wells. He was also active in the QA/QC review of laboratory data.
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Ms. Sheryl Thurston, an environmental engineer at AV with a B.S. in

environmental engineering, has one year of experience with IRP programs and state

RCRA recordkeeping. She served as a field engineer during well drilling at Beale
and assisted with driller supervision and sample logging. She was also part of the

sampling team and conducted research on base operations and environmental

setting.

Complete resumes of the AV personnel mentioned above are included in
Appendix 1.

AeroVironment also used Mr. John Keating of Gregg and Associates Inc.
to assist in well installation and hole logging. Mr. Keating holds a B.S. in
geotechnical engineering and has three years of experience with groundwater well

drilling and geologic logging.

The Water Development Corporation (Water Development) of Woodland,

California, performed the drilling. Water Development has 35 years' experience in
drilling water production and monitoring wells at locations throughout California.

The company and many of its personnel have specific experience drilling in the

Sacramento area and working on IRP programs at other Air Force bases. Water
Development provided a D40K Drilteck air rotary drilling rig equipped with a

casing hammer and support equipment, with which it drilled, constructed and
developed all 20 wells under the direction of AeroVironment field personnel.

Geophysical surveys were conducted at Landfill No. 1 by the Converse
Consultants Inc. (Converse) of San Francisco, California. Converse is a highly

respected geotechnical consulting firn with over eight years' experience in

geophysical investigations. The surveys were completed under the direction of

Mr. George Ford (13.S., Geology, Certified Engineering Geologist and Registered
Geologist) of Converse. The ground-penetrating radar was performed by

Mr. Richard Lee (M.S., Geophysics) of Harding Lawson Associates under the
direction of Converse. Mr. Timothy O'Gara of AV coordinated this activity.
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Laboratory work< was performed by tn\curex Corporation (Acurex) of

M ountain View, California. Acurex's Energy and Environmental Division joined

with \eroV iron men t as part of the contract team for USAF OEH-L. Mr. Gregory

Nichol (M.S., Chemistry, eight years' laboratory management experience) served as

programn manager for the Acurex effort on this task.

Analytical Research Laboratories, Inc. (ARI-1) of Monrovia, California,

performned the explosive scan testing of EO samples. Dr. Gerald Delker (Ph.D.

Chem istry) coordinated the method research and testing. This lab has since changed

its iaine to Thermno Analytical Inc.
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II. PNVIRONMENTAL SETTING

A. Physical Geography

Beale AFB is situated on the eastern flank of the Sacramento Valley, a

subdiuision of the Great Central Valley. The Great Central Valley is about

6D miles wide and 400 miles long and extends from Bakersfield, California, in the

south to Red Bluff, California, in the north (Figure 11-1). The Sacramento Valley

o-cupies the northern 150 miles and averages about 30 miles in width.

The Great Central Valley is one of the major structural depressions of

the world, containing up to 30,000 feet of Cretaceous and Cenozoic sediments.

Currentlv, tle Sacramento Valley coisists of a few ri iers and many ephe;neral

strean s, all of which have very large floodplains, reflecting infrequent but often

hea/y precipitation.

I. Topography

During the Pleistocene, the Sacramento Valiey consisted of

I. sQetud ip.ands, low alluvial fans and plains, and floodplains. Braided streams

o.e.. mnultiple channel streams) crisscrossed the alluvial plains splitting the

* 9x'jiavls into nu nerous island-like tracts. The recent (Holocene) climate is drier,

sr,,a n carry less sedinent and are more often restricted to a single channel

with mianders rather than bridjng. During this period, topographic features have

r,:naim' J relat i P-y unchanged or have become more pronounced with time.

Beale AFB iits astride the ph-siographic boundary between the

Sierra Nevada foothills and the Sacramento Vil!c,'i thus contains a wide range

)f geomnorphology, geology and topography (Figure 11- i). Surface drainage is

principally from the northeast (Sierra Nevada Mountains) to the southwest (Feather

Riler). At the Feather River, surface flow shifts to a southerly direction and

continues on down the Sacramento River to the confluence with the northward-

flowing San Joaquin Riier, from which the combined flow proceeds westward to

San Francisco Bay.
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The western portion of Beale AFB is typically flat (80 to 125 feet

MSL) and consists of a floodplain and small, often ephemeral, meandering or

braided streams. Most of AeroVironment's work was performed in this area.

As one moves eastward, streams become better deit[ed and the

terrain quickly evolves into dissected uplands with readily visible relief. This

terrain (125 to 200 feet MSL) forms the eastern boundary of the Sacramento Valley

and comprises about fifty percent of 3eale AFB. Most groundwater recharge

occurs here and along the Yuba River. The dominant geologic units are tertiary

water-worked volcanics and, to a lesser extent, the Quaternary Laguna Formation.

AeroVironment performed a small amount of work in this terrain.

2. Soils

Beale AFB contains four different soil associations, which reflect

the underlying geologic units that are the soils' parent materials. Figure 11-2,

taken from a Yuba County soil map by Herbert & Begg (1969), shows the soils at

Beale AFB. A more detailed soil nap with excellent air photo coverage was

prepared by the USDA Soil Conseriation Seriice in 1985. However, the final

version of this report is still to be published.

The western third of the base is underlain by the Yokohl-Kimball

Association, which formed on moderately old alluvial fans. The soils consist af

poorly drained, medium-textured clay and hardpans developed on Victor Formation

(Qv). (Note: Qv is a geologic coding that identifies the age of the rock and its

formation.)

The midsection of the base contains a strip of soil known as

Redding-Corning, which is oriented northwest to southeast. The soil is usually

gravel rich with hardpans and claypans. Generally, it overlies the Laguna

Formation (Qtl) and Mehrten Formation (Pv). Surface infiltration is moderate, but

subsurface infiltration is slow, because the hardpan retards vertical water

movement.
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The Auburn-Sobrante-Las Posas Association occupies the eastern

portion of the base and is associated with the Sierra Nevada pretertiary basement

complex (Pt). It is a shallow, gravelly, and rocky soil formed on decomposing

metamorphic, igneous and sedimentary rocks. It is a relatively immature soil, due

to the high relief and rapid erosion of the Sierrd Nevada.

B. Regional Geology

The stratigraphy and surficial geology discussed below is taken from the
work of Page (1974, 1980) and that of Olmsted and Davis (1961). A schematic of

the general stratigraphy at Beale Air Force Base is provided in Figure 11-3.

Moving from west to east across Beale AFB, one generally encounters

progressively older lithologies. In addition, the overall grain size tends to increase

and the gravel more and more reflects the Sierra Nevada volcanics and the
metamorphic, igneous basement complex. However, one depositional type,

quaternary river deposits (Qr), is an exception to this general rule. The Qr of

Holocene deposits are the youngest deposits, present-day sediments deposited by

drainages such as Hutchinson, Best and Dry Creeks. These deposits are generally

only a few feet or tens of feet thick and are mapped by Page as overlying virtually

all other formations in areas adjacent to these drainages.

The eastern thirty percent of Beale AFB lies within the Sierra Nevada

foothills. The contact between the Sacramento Valley and the Sierra Nevada

foothills is geologically defined by pretertiary, metamorphic, igneous and sedi-
mentary rocks belonging to the Sierra Nevada physiographic province. This contact

may be crudely approximated by the 200-foot elevation contour. The rocks of this

province are considered to be basement (i.e., the lowest and hence oldest rocks

exposed in the region). The basement complex slopes to the southwest at two to

six degrees, with a maximum of 1,400 feet of posttertiary cover underlying

Beale AFB. Little groundwater is found in this terrain and AeroVironment did no

work in this area of Beale.
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Holocene: Unconsolidated river and stream deposits from
(recent) current drainage system (0-20 feet). Mostly
symbol: Qr silt clay and sand; minor gravel.\ "-i10' - 20'* - ' UNDULATORY CONTACT

-Victor Formation! Heterogeneous fluviatile clay to gravel sediments.
(Quaternary) Extremely lenticular deposits from braided streams.
symbol: Qv Mostly silty sand.

85' - 120' _ - UNDULATORY CONTACT -

Quaternary Discontinuous gravel layer or lenses (0-50 feet)
Gravels: at base of Victor. Occasionally present at Beale,
(Quaternary) tends to form hills. Included with Laguna Formation

**a 6: *in cross sections.

UNDULATORY CONTACT

Lguna Formation: Heterogeneous to poorly sorted silt, sand and
(Pleistocene to clay with thin gravel units comprised of silt
Pliocene age) and clay with fine sand.
symbol Qtl Approximately 0-120 feet thick.

--. -.- -120' - 140' UNDULATORY CONTACT
Laguna-Mehrten Thin to moderate (0-40 feet), locally absent, gravel
Transition and/or coarse sand at base of Laguna. Gravel generally
(Pliocene): angular and dark (mafic) colored. Minor to moderate
Um :o Ptl silt/clay.

130'- 150 EROSIONAL CONTACT

- ---- Mehrten Formation Volcanic derived angular gravels and sand: dark mafic
(Miocene Pliocene): rock fragments; mudflows. Discontinuous with

, symbol: Pv abundant cross bedding and cut-and-fill structures.
Thickness approximately 200 feet. Formation top clay
derived from mafic gravels.

Figure 11-3

Typical Stratigraphic Section

= Beale Air Force Bae
Typical depths found at Beale AFB during

Phase I1, Stage I drilling. AeroVironment Inc.
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Most of AV's drilling was conducted in either the Victor (Qv) or the

Laguna (Qtl) Formations. Several drill holes penetrated the Mehrten (Pv), a thick,

multicolored clay. Elsewhere, the contact between formations was difficult to

At Beale, the formation of primary interest is the Laguna because most

water production wells in the area are completed in or very close to the basal

Laguna that hosts the uppermost aquifer. In areas where the Laguna-Mehrten

transition zone is present just below the Laguna Formation, this zone is a good

water producer for monitoring wells (e.g., Site No. 11). However, its variable

thickness (0 to 40 feet) and absence in some areas (e.g., Site No. 3, FPTA) makes it

an undesirable aquifer for high-volume wells.

C. Regional Hydrogeology

Groundwater movement has historically been from the Sierra Nevada

Foothills eastvard to the Feather and Sacramento Rivers. Until the early part of

this century, the river system served as a groundwater discharge system. Exten-

sive farming and irrigation rapidly lowered the water table and altered the

direction of flow, thus changing the river from a discharge to a recharge system.

Additional recharge is permitted by coarse deposits along the Sierra Nevada

Foothills. These deposits allow seasonal rainfall/snowmelt to percolate downward.

Regional groundwater contours for the Beale area are shown in

Figure 11-4. The most obvious feature is the area of intense drawdown southwest

of the base boundary caused by irrigation pumping. Between 1945 and 1974, the

water table fell about 60 feet and then stabilized in the mid-1970s. However,

between 1977 and 1980, the water table declined sharply once more, in response to

drought and increased irrigation for rice production (Engle, 1986). Since 1980, the

water level has risen markedly, as a result of increased precipitation and lower rice

production. Nevertheless, the overall drawdown has been sufficient to alter the

direction of local flow in the area of the base well field from west to nearly south.

The location of existing base wells is shown in Figure 11-5.
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Off-base irrigation and domestic wells on the west and south sides of

Beale are shown in Figure 11-6. Water levels for these wells, obtained from

Mr. D. B. Engel of the Yuba County Agricultural Commission, show an upward

trend from 1984 through 1985. The heavy rains of 1985-1986 should insure that the

water table will continue to rise throughout 1986.

Studies by Rockwell (1978) and Page (1980) assumed that groundwater

tapped by the base wells is basically unconfined except where local clay/silt lenses

cap the aquifer to produce seiniconfined conditions. Thus the fresh water base

occurs at a depth of 300 to 500 feet, coinciding with the base of the undifferen-

tiated sedimentary rocks.

D. Site Descriptions*

Site 1. Discharge Area No. I (West Drainage Ditch)

Discharge Area No. I (West Drainage Ditch) is a drainage system

which drains the flightline and surface runoff from the runway area. The drainage

system discharges through a headwall located about 800 feet west of the main

runway and into a ditch which is filled with vegetation. Oil absorbent boo:ns have

been placed immediately downstream from the headwall. Past surface water

quality data indicated oil and grease and trans-l,2 dichloroethene in the water

discharged to this ditch. Visual observations indicate that oils have accumulated in

the soils of the ditch adjacent to the headwall.

The West Drainage ditch begins less than 1,000 feet from the base

boundary. Occasionally, during the wet season (from October through April), water

from the ditch flows off base, presenting the potential for environmental

contamination outside the base boundary. The site is also less than one mile from

off-base groundwater users. Surface soils in the area are medium-textured hardpan

and claypan, which have a characteristically low permeability; thus they would

restrict percolation of water and any contaminants.

*The information presentcd in this section was taken from the Engineering Science
Phase I IRP Report and on-site observations interviews during Stage 1.
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Site 2. Photo Wastewater Treatment Plant and Injection Well No. 2

The Photo Wastewater Treatment Plant (PWTP) has been used

since 1966 to treat photo wastes. It is located on the southwest portion of the base

and receives wastes fror- icho ab+ .aoratory (Building 2145' 2. ;de to the

northwest. Average waste flow is 20,000 gpd. Treatment and processes include

equalization, chemical flocculation, settling, and filtration. Three injection wells

were used for PWTP effluent disposal until injection was discontinued in April
1986. Four groundwater monitoring wells were installed around the Photo Waste

Sludge Pond in 1985 by Radian Corporation. These wells are used to monitor for

evidence of containinition from the earthen-lined ponds.

The concerni at Site 2 results from the unlined pond and the

occasional discharging of treated PWTP effluent onto the ground near the well

heads. This site (plant and injection wells) is approximately 500 feet from the base

boundary and less than 500 feet from Hutchinson Creek. Soils are medium-

tQxtured hardpan that have low permeability and, therefore, retard vertical

mo vement.

Site 3. Fire Protection- aining Areas Nos. 1 and 2

Fire-fighting exercises were conducted at Fire Protection

Training Area (FPTA) No. I from 1958 to 1971 and have been conducted at FPTA

No. 2 since 1972. The two sites have been combined for this investigation because

of their proximity. FPTA No. I is located in the half-acre adjacent to the

intersection of I and 27th Streets. It contained a shallow, two-foot-deep, unlined

basin. There is no visual evidence of the old FPTA No. 1. FPTA No. 2 is located

about 200 feet west of FPTA No. 1. It consists of a shallow basin 150 feet in

diameter surrounded by a 12-inch berm. Inside the basin is a mock aircraft used

for fire training exercises. About 100 fr'et south of the mock aircraft is an unlined

100-foot-square basin designed to hold the liquid which runs off of FPTA No. 2.

Fire training exercises involve simulated full fires in and around the mock aircraft

and is intended for firefighter training. Residual fuel and water is left in the

unlined basin.
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The site is located within I mile of the base boundary. Surface

soils contain a layer of hardpan, which has very low permeability a;,d retards

vertical contamination.

Site 4. Discharge Area No. 2 (Battery Shop Dry Well)

A sink drain in Building 1088, used to dispose of rinsate after acid

is drained into containers from lead acid batteries, was connected into a dry well.

The "dry well" was four feet in diameter and approximately 20 feet deep and filled

with cobbles. The neutralized acid could have high concentrations of lead. Use of

the dry well was discontinued in 1983.

Site 5. Discharge Area No. 3 (SR-71 Shelter)

The SR-71 aircraft is so constructed that it will leak JP-7 while

on the ground. It has been estimated that the planes lose about 300 gallons of fuel

per week. A major portion of the fuel is lost in the vicinity of the SR-71 shelters

and on Taxiway No. 10 east of the shelters. Some of the fuel runs off the taxiway

into an oil-water separator. Another portion of the fuel runs off into the adjacent

storm sewer which is upstream of DA-1. The soils adjacent to the taxiway area

are discolored in areas indicating potential contamination.

Site 6. Landfill No. 2

Landfill No. 2 occupies 56 acres in the southern sector of the

base. It was used primarily for refuse disposal from the early 1950s until 1980.

Between 1967 and 1978, about 330 cubic yards of sludge from the Photo

Wastewater Treatment Plant were disposed of here. Small amounts of chemicals

and petroleum were also discarded here. Landfill No. 2 is currently used to dispose

of dirt, wood and other construction and grounds maintenance debris.
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Site 7. Discharge Area No. 4 (Army Biological Production, Site)

During the period 1962 to 1969, the U.S. Army produced wheat

stem rust at the biological test site located adjacent to Building 115h , in the

southwest corner of the base. In 1969. the poduction stocks re.n;.inin2 at Beale

were destroyed and the material was rendered inactive by carboxide treatment and

incineration. The residual ash was assayed and plowed into the soil at the site to a

depth of six inches. The entire destruction process was accomplished successfully,

in complete cooperation with federal and state agricultural authorities. The only

chemicals used at the site were Freon, carbon dioxide, ethylene oxide and possibly

TCE.

The site is currently used as the Base Gun Club. Game birds are

housed in large pens throughout the site.

Site 8. Discharge Area No. 6 (J-57 Test Cell Drainage Ditch)

The J-57 Test Cell is located adjacent to Building 1247 at the

north end of the flightline. The drainage ditch at the test cell receives runoff from

the test stand used to test aircraft engines. The runoff includes JP-4, PD-680 and

soap. The soils in the test cell drainage ditch are stained from site rAnoff.

Site 9. Discharge Area No. 9 (Entomology -- Building 2560)

Discharge Area No. 9 is a grave! basin located adjacent to

Building 2560 inside the fenced Civil Engineering Facility. Since 1981, wash water

from cleaning pesticide application tanks has been discharged onto this area and

allowed to percolate into the soil. There is a small area downhill from the gravel

area which has nc, grass growing. This appears to be the result of site operations.

The soils in the area contain hardpan, which helps retard vertical contaminant

migration but increases surface runoff.
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Site 10. Discharge Area No. 5 (1-58 Test Cell Drainage Ditch)

The 3-58 Test Cell is located adjacent to Building 1154 just off

Doolittle Drive and is used to test the SR-7I jet engine. The drainage ditch at the

te7.st c'2! recezi/s rinoff from the test stand used for engine tests. JP-7, soap, oil,

TCE and PD-680 are used here. The soils in the ditch adjacent to the tett cell are

stained from site runoff.

Site I1. Discharge Area No. 7 (AGE Maintenance Drainage Ditch)

Discharge Area No. 7 is a drainage ditch located behind

Building 1225 (AGE maintenance). The ground area adjacent to the paved vehicle

park ing shows staining likely from POL in site runoff. Some of the stained soils

have been removed; although some discoloration is still evident. The hardpan soil

in the area is relatively impervious.

Site 12. Discharge Area No. 10 (Entomology -- Building 440)

Dischaige Area No. 10 consists of a mixing area adjacent to the

southeast corner of Building 440 and a low-lying area 50 feet east of the southeast

corner of the building. Building 440 is locaited on 6th Street, near 9th. This

li.dinlg was used for storing and mixing chemicals used for pest control fron 1965

to [980. The soils around the building are relatively impervious hardpan, thus

vertical migration is unlikely.

Site 13. Landfill No. I

Landfill No. I is located on four acres of land in the southwestern

sector of the base, west of the sludge dewatering beds at the sewage treatment

plant and and about 100 feet north of Hutchinson Creek. The PWTP and Injection

Well No. 2 are located immediately adjacent to Landfill No. 1. Refuse was

received here in the 1940's, but its source is unknown. The site is no longer used,

but subsidence typical of landfill aging has occurred at several locations.
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Site 14. Discharge Area No. 8 (Transformer Oil Drainage Area)

The transformer oil drainage area is located in a diked area near

34th and B Streets. From 1977 to 1979, transformers were drained here before

being taken into the shop for repair. Soils here contain a layer of hardpan and thus

contaminant migration is unlikely; however, same localized vegetation death has

occurred. This site is located in a remote part of the base.

Site 15. Landfill No. 3

Landfill No. 3 currently occupies about 40 acres east of Landfill

No. 2 on 6th Street. It has been in use since 1981 and waste deposited there is

primarily general refuse. Small amounts of chemicals may have been discarded

there as well. Operations at this landfill consist of the trench method for waste

disposal. The base civil engineering department has a current operating permit for

Landfill No. 3.

The soils at this site are hardpan and relatively impervious.

Groundwater is a possible contaminant receptor; however, the soils have very low

perireability.

Site 16. Explosives Ordnance Disposal Area

The Explosive Ordnance Disposal Area (EOD), located on the

northern sector of the base, consists of two bunkers (soil embankments) and a

trench approximately 70 feet x 15 feet x 10 feet in size. Unused ordnances from

military bases around Sacramento are detonated in the bunkers or in the open field.

Large ordnances are detonated in the open field. Diesel fuel and an

underlying/overlying layer of wood are used to burn the smaller ordnances. No

residual fuel remains after the fire burns itself out. The unburned portion of the

ordnances is then disposed of entirely in the trench. During precipitation, the

trench fills with water. The standing water provides a hydraulic head which would

help move any contaminants in the trench down toward groundwater. A' 11ough

hardpan may exist at this site, the trench has probably beached any layer wl,,h is

present.
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Site 17. Best Slough

Best Slough flows from east to west on the base before joining

Dry Creek. The site, just south of 6th Street and east of Landfill No. 3, was added

to the IRP investigation because old empty drums were discovered in a trench 50

feet west of the creek in January 1985. The site consists of five depressions, one

of which contains approximately 25 empty drums. The drums are badly rusted and

deteriorated. No information is available on what, if anything, the drums

contained when they were dumped.

Site 18. Bulk Fuel Storage Facility

The bulk fuel storage areas are located on the corner of 6th and

3 Streets and contain aboveground fuel tanks. There are dikes around each tank.

Civil Engineering personnel have reported minor spillage at the %IOGAS rail car

loading area. Drainage ditches surround the site. Soils in the area contain a layer

of hardpan which will likely reduce infiltration but inc-rease runoff of rainwater.

E. Potential Receptors

Whenever a site is investigated as a potential source of chemical

contamination, the risk to the surrounding environment muist be consideted. Three

factors must be investigated to determine whether the site poses a risk: (1) the

size and type of chemical source; (2) the pathway by which the chenicals may be

transported from the source; and (3) the possible receptors. The HARM1 scures'

calculated during the Phase I record search are based on information about each of

these factors at each site. Only if there is both a source and a transport p~tthway

from the source does the presence of a receptor need to be investigated fully.

Based on the descriptions of the Beale IRP sites, the only possible

transport pathway from potentia! sources is groundwater nigration. Groundwater

flows from east to west at Beale AFB (see Figure 11-4). Any contamination that

enters the groundwater from a site at Beale would also flow to the west.

Groundwater wells exist at two locations along the western border of the base.
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Base water production wells are located along the northeastern border, and private

off-base wells are located along the southwest border (see Figures 11-5 and 11-6).

The base production wells are not immediately downgradient from any of the sites

at Beale; however, off-base wells are located so that they could be potential

receptors if contaminated groundwater flows off base. Unfortunately, there is

insufficient information to determine whether off-base wells are drawing water

from the uppermost water-bearing zone (the most likely transport zone). No other

potential receptors have been identified.

F. Site-Specific Geology

AeroVironment investigated IS sites for potential soil or groundwater

contamination. Twenty groundwater monitoring wells were installed at II of these

sites. The locations of these wells are shown on Figure 11-7. Using lithologic logs

from the wells, \\' was able to jeterinine site-specific geology for three general

areas of the base. These areas have been created based on the random groupings of

wells iround the flightline, \ WTP and actiie landfill. Figure 11-7 also shows these

1. "\rea I -- Sites ( (Landfill '\o. 2) and 15 (Landfill No. 3)

'Stes , and 1 5 are !orated in the southcentral portion of the base.

Six vroundAiter monitoringz we!!s €,ere installed in this area. All of the %ells

ermotntered a thick sequenco of Laguna Formation (Qtl) from the surface to a

depth 'f -' to SO feet. This formation consists of debris derived from erosion of

the 'irra Ne/iada \ontains and deposited as silt, clay, sand, and gravel. Recause

this i,, the eastern edge of the formation and quite near the assuned source area of

the sedimnent, the Laguna Formation has more gravel and is generally 'more

, oarsel grained in this location than is tmisal. This gravel is generally found in the

Slipper part o)f the for, mation. It is knowvn a, the \rroyu ySeco gravel in areas south

if tif s),ise A here it is tiore t onm ,on.

Irmemediatol underlying the Laguna Formation is a very coarse

s,irid and gr,-iiel init known ,, the Laguna-\ehrten Transition Zone (Ptin). This

II- IS
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TABLE i 2. (Continued)

Site Site Parameters for Parameters for
No. Name Water Samples Soil/Sediment Samples

10 J-58 Test Cell VOC VOC
O&G O&G
Petroleum Hydrocarbons Petroleum Hydrocarbons
Phenols (Total) Phenols (Total)

11 AGE Maintenance VOC VOC
O&G O&G
Phenols (Total) Phenols (Total)

12 Entomology Pesticides/Herbicides
Building 440

13 Landfill No. I VOC VOC
O&G O&G
Heavy Metals Heavy Metals
Pesticides/Herbicides Pesticides/Herbicides
Phenols (Total) Phenols (Total)

14 Transformer O&G
Drainage PCBs (608)

15 Landfill No. 3 VOC
O&G
Heavy Metals
Phenols (Total)

16 EOD Heavy Metals
Explosives Scan

17 Best Slough VOC VOC
O&G O&G
Pesticides/Herbicides Pesticides/Herbicides
Phenols (Total) Phenols (Total)

18 Bulk Fuels VOC
Storage O&G

Petroleum Hydrocarbons
Phenols (Total)
Lead

1-20



Mr. Douglas Taylor, P.E., is a project manager in AV's Environmental

Programs Division. He has a Master of Engineering in environmental engineering

and six years' experience in hazardous waste management and site assessments. He

has managed numerous DoD, EPA, and private party site investigations and

sampling programs. As project manager for the Beale study, he was the main

interface between AV and USAF OEHL and was responsible for the scheduling of

field work (drilling and sampling), for the management of drilling and laboratory

subcontractors, and for personnel staffing and technical review.

Mr. Timothy O'Gara is the leader of AV's Earth Sciences Section. He

holds a B.A. in earth science and has six years' experience in groundwater

monitoring and hazardous waste investigations. Mr. O'Gara has directed drilling,

well installation and soil sampling programs at sites throughout California. At

Beale, he was responsible for directing the well-drilling program. His duties during

this project included coordinating with base personnel, selecting well locations,

supervising the drilling crews, and reporting on hydrology.

Mr. Christopher Lovdahl, an environmental chemist at AV, holds a

B.S. in environmental science and has six years' experience in environmental

compliance, waste site sampling and analytical chemistry. He worked for four

years at industrial facilities and analytical laboratories prior to his IRP

involvement. At Beale, Mr. Lovdahl was responsible for reviewing well sampling

requirements and coordinating with the laboratories. He served as the point of

contact between AV and the analytical chemistry laboratory at Acurex, instructing

Acurex on selected methods and special handling. He also performed QA/QC

reviews on all laboratory data.

Mr. John Miller, a geochemist at AV with an M.Sc. in geochemistry, has

eight years' experience in geology and geochemistry in the mining and mineral

processing industries. He has worked extensively with soil sampling, laboratory

analysis and quality assurance. Mr. Miller served as a field geologist during the

well drilling program. He was responsible for logging the samples and desigring the

wells. He was also active in the QA/QC review of laboratory data.
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Ms. Sheryl Thurston, an environmental engineer at AV with a B.S. in

environmental engineering, has one year of experience with IRP programs and state

RCRA recordkeeping. She served as a field engineer during well drilling at Beale

and assisted with driller supervision and sample logging. She was also part of the

sampling team and conducted research on base operations and environmental

setting.

Complete resumes of the AV personnel mentioned above are included in

Appendix I.

AeroVironment also used Mr. John Keating of Gregg and Associates Inc.

to assist in well installation and hole logging. Mr. Keating holds a B.S. in

geotechnical engineering and has three years of experience with groundwater well

drilling and geologic logging.

The Water Development Corporation (Water Development) of Woodland,

California, performed the drilling. Water Development has 35 years' experience in

drilling water production and monitoring wells at locations throughout California.

The company and many of its personnel have specific experience drilling in the

Sacramento area and working on IRP programs at other Air Force bases. Water

Development provided a D40K Drilteck air rotary drilling rig equipped with a

casing hammer and support equipment, with which it drilled, constructed and

developed all 20 wells under the direction of AeroVironment field personnel.

Geophysical surveys were conducted at Landfill No. I by the Converse

Consultants Inc. (Converse) of San Francisco, California. Converse is a highly

respected geotechnical consulting firm with over eight years' experience in

geophysical investigations. The surveys were completed under the direction of

Mr. George Ford (B.S., Geology, Certified Engineering Geologist and Registered

Geologist) of Converse. The ground-penetrating radar was performed by

Mr. Richard Lee (M.S., Geophysics) of Harding Lawson Associates under the

direction of Converse. Mr. Timothy O'Gara of AV coordinated this activity.
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Laboratory work was performed by Acurex Corporation (Acurex) of

Mountain View, California. Acurex's Energy and Environmental Division joined

with '\eroVironment as part of the contract team for USAF OEHL. Mr. Gregory

Nichol (M.S., Chemistry, eight years' laboratory management experience) served as

program manager for the Acurex effort on this task.

Analytical Research Laboratories, Inc. (ARLI) of Monrovia, California,

performed the explosive scan testing of EOD samples. Dr. Gerald Delker (Ph.D.

Chemistry) coordinated the method research and testing. This lab has since changed

its name to Thermo Analytical Inc.
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11. ENVIRONMENTAL SETTING

A. Physical Geography

Beale AFB is situated on the eastern flank of the Sacramento Valley, a

subdivision of the Great Central Valley. The Great Central Valley is about

60 miles wide and 400 miles long and extends from Bakersfield, California, in the

south to Red Bluff, California, in the north (Figure 11-1). The Sacramento Valley

occupies the northern 150 miles and averages about 30 miles in width.

The Great Central Valley is one of the major structural depressions of

the world, containing up to 30,000 feet of Cretaceous and Cenozoic sediments.

Currently, the Sacramento Valley consists of a few rivers and many ephemeral

streams, all of which have very large floodplains, reflecting infrequent but often

heavy precipitation.

1. Topography

During the Pleistocene, the Sacramento Valley consisted of

dissected uplands, low alluvial fans and plains, and floodplains. Braided streams

(i.e., multiple channel streams) crisscrossed the alluvial plains splitting the

lowlands into numerous island-like tracts. The recent (Holocene) climate is drier,

so streams carry less sediment and are more often restricted to a single channel

with meanders rather than braiding. During this period, topographic features have

remained relatively unchanged or have become more pronounced with time.

Beale AFB sits astride the physiographic boundary between the

Sierra Nevada foothills and the Sacramento Valley and thus contains a wide range

of geomorphology, geology and topography (Figure 11- 1). Surface drainage is

principally from the northeast (Sierra Nevada Mountains) to the southwest (Feather

River). At the Feather River, surface flow shifts to a southerly direction and

continues on down the Sacramento River to the confluence with the northward-

flowing San 3oaquin River, from which the combined flow proceeds westward to

San Francisco Bay.
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The western portion of Beale AFB is typically flat (80 to 125 feet

MSL) and consists of a floodplain and small, often ephemeral, meandering or

braided streams. Most of AeroVironment's work was performed in this area.

As one moves eastward, streams become better defined and the

terrain quickly evolves into dissected uplands with readily visible relief. This

terrain (125 to 200 feet MSL) forms the eastern boundary of the Sacramento Valley

and comprises about fifty percent of Beale AFB. Most groundwater recharge

occurs here and along the Yuba River. The dominant geologic units are tertiary

water-worked volcanics and, to a lesser extent, the Quaternary Laguna Formation.

AeroVironment performed a small amount of work in this terrain.

2. Soils

Beale AFB contains four different soil associations, which reflect

the underlying geologic units that are the soils' parent materials. Figure 11-2,

taken from a Yuba County soil map by Herbert & Begg (1969), shows the soils at

Beale AFB. A more detailed soil map with excellent air photo coverage was

prepared by the USDA Soil Conservation Service in 1985. However, the final

version of this report is still to be published.

The western third of the base is underlain by the Yokohl-Kimball

Association, which formed on moderately old alluvial fans. The soils consist of

poorly drained, medium-textured clay and hardpans developed on Victor Formation

(Qv). (Note: Qv is a geologic coding that identifies the age of the rock and its

formation.)

The midsection of the base contains a strip of soil known as

Redding-Corning, which is oriented northwest to southeast. The soil is usually

gravel rich with hardpans and claypans. Generally, it overlies the Laguna

Formation (Qtl) and Mehrten Formation (Pv). Surface infiltration is moderate, but

subsurface infiltration is slow, because the hardpan retards vertical water

movement.
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The Auburn-Sobrante-Las Posas Association occupies the eastern
portion of the base and is associated with the Sierra Nevada pretertiary basement

complex (Pt). It is a shallow, gravelly, and rocky soil formed on decomposing

metamorphic, igneous and sedimentary rocks. It is a relatively immature soil, due

to the high relief and rapid erosion of the Sierra Nevada.

B. Regional Geology

The stratigraphy and surficial geology discussed below is taken from the

work of Page (1974, 1980) and that of Olmsted and Davis (1961). A schematic of

the general stratigraphy at Beale Air Force Base is provided in Figure 11-3.

Moving from west to east across Beale AFB, one generally encounters

progressively older lithologies. In addition, the overall grain size tends to increase

and the gravel more and more reflects the Sierra Nevada volcanics and the

metamorphic, igneous basement complex. However, one depositional type,

quaternary river deposits (Qr), is in exception to this general rule. The Qr of

Holocene deposits are the youngest deposits, present-day sediments deposited by

drainages such as Hutchinson, Best and Dry Creeks. These deposits are generally

only a few feet or tens of feet thick and are mapped by Page as overlying virtually

all other formations in areas adjacent to these drainages.

The eastern thirty percent of Beale AFB lies within the Sierra Nevada

foothills. The contact between the Sacramento Valley and the Sierra Nevada

foothills is geologically defined by pretertiary, metamorphic, igneous and sedi-

mentary rocks belonging to the Sierra Nevada physiographic province. This contact

may be crudely approximated by the 200-foot elevation contour. The rocks of this

province are considered to be basement (i.e., the lowest and hence oldest rocks

exposed in the region). The basement complex slopes to the southwest at two to

six degrees, with a maximum of 1,400 feet of posttertiary cover underlying

Beale AFB. Little groundwater is found in this terrain and AeroVironment did no

work in this area of Beale.
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Holocene: Unconsolidated river and stream deposits from
S.(recent) current drainage system (0-20 feet). Mostly

symbol: Qr silt clay and sand; minor gravel.

10' - 20'* UNDULATORY CONTACT

Victor Formation: Heterogeneous fluviatile clay to gravel sediments.
__ (Quaternary) Extremely lenticular deposits from braided streams.

oSymbol: Qv Mostly silty sand.

8- 5' - 120 - NUNDULATORY CONTACT

Quaternary Discontinuous gravel layer or lenses (0-50 feet)
Gravels: at base of Victor. Occasionally present at Beale,
(Quaternary) tends to form hills. Included with Laguna Formation

in cross sections.

UNDULATORY CONTACT

,-t.. Laguna Formation: Heterogeneous to poorly sorted silt, sand and
(Pleistocene to clay with thin gravel units comprised of silt
Pliocene age) and clay with fine sand.
symbol: Qtl Approximately 0-120 feet thick.

120' - 140' -------- UNDULATORY CONTACT

Laguna-Mehrten Thin to moderate (0-40 feet), locally absent, gravel
Transition and/or coarse sand at base of Laguna. Gravel generally

Ie (Pliocene): angular and dark (mafic) colored. Minor to moderate
symbol: Ptl silt/clay.

130'- 150' EROSIONAL CONTACT

.o- 0 . Mehrten Formation Volcanic derived angular gravels and sand: dark mafic
0 (Miocene Pliocene): rock fragments; mudflows. Discontinuous with

symbol: Pv abundant cross bedding and cut-and-fill structures.
Thickness approximately 200 feet. Formation top clay
derived from mafic gravels.

Figure 11-3

Typical Stratigraphic Section

Beale Air Force Base

* Typical depths found at Beale AFB during
Phase II, Stage I drilling. AeroVironment Inc.
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Most of AV's drilling was conducted in either the Victor (Qv) or the

Laguna (Qtl) Formations. Several drill holes penetrated the Mehrten (Pv), a thick,

multicolored clay. Elsewhere, the contact between formations was difficult to

locate.

At Beale, the formation of primary interest is the Laguna because most

water production wells in the area are completed in or very close to the basal

Laguna that hosts the uppermost aquifer. In areas where the Laguna-Mehrten

transition zone is present just below the Laguna Formation, this zone is a good

water producer for monitoring wells (e.g., Site No. l). However, its variable

thickness (0 to 40 feet) and absence in some areas (e.g., Site No. 3, FPTA) makes it

an undesirable aquifer for high-volume wells.

C. Regional Hydrogeology

Groundwater movement has historically been from the Sierra Nevada

Foothills eastward to the Feather and Sacramento Rivers. Until the early part of

this century, the river system served as a groundwater discharge system. Exten-

sive farming ani irrigation rapidly lowered the water table and altered the

direction of flow, thus changiig the river from a discharge to a recharge system.

Additional recharge is permitted by coarse deposits along the Sierra Nevada

Foothills. These depoaits allow seasonal rainfall/snowmelt to percolate downward.

Regional groundwater contours for zhe Beale area are shown in

Figure 11-4. The most obvious feature is the area of intense drawdown southwest

of the base boundary caused by irrigation pumping. Between 1945 and 1974, the

water table fell about 60 feet and then stabilized in the mid-1970s. However,

-etween 1977 and 1980, the water table declined sharply once more, in response to

,r -jght and increased irrigation for rice production (Engle, 1986). Since 11980, the

:1 er leiel has risen markedly, as a result of increased precipitation and lower rice
• Y!," Nevertheless, the overall drawdown has been sufficient to alter the

.. t ojcal flow in the area of the base well field from west to nearly south.

of -xisting basc wells is shown in Figure 11-5.
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Reference: Engineering Science, Phase I IRP Report, April 1,)4
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Off-base irrigation and domestic wells on the west and south sides of

Beale are shown in Figure 11-6. Water levels for these wells, obtained from

Mr. D. B. Engel of the Yuba County Agricultural Commission, show an upward

trend from 1984 through 1985. The heavy rains of 1985-1986 should insure that the

water table will continue to rise throughout 1986.

Studies by Rockwell (1978) and Page (1980) assumed that groundwater

tapped by the base wells is basically unconfined except where local clay/silt lenses

cap the aquifer to produce sermiconfined conditions. Thus the fresh water base

occurs at a depth of 300 to 500 feet, coinciding with the base of the undifferen-

tiated sedimentary rocks.

D. Site Descriptions*

Site 1. Discharge Area No. I (West Drainage Ditch)

Discharge Area No. 1 (West Drainage Ditch) is a drainage system

which drains the flightline and surface runoff from the runway area. The drainage

system discharges through a headwall located about 800 feet west of the main

runway and into a ditch which is filled with vegetation. Oil absorbent booms have

been placed immediately downstream from the headwall. Past surface water

quality data indicated oil and grease and trans-1,2 dichloroethene in the water

discharged to this ditch. Visual observations indicate that oils have accumulated in

the soils of the ditch adjacent to the headwall.

The West Drainage ditch begins less than 1,000 feet from the base

boundary. Occasionally, during the wet season (from October through April), water

from the ditch flows off base, presenting the potential for environmental

contamination outside the base boundary. The site is also less than one mile from

off-base groundwater users. Surface soils in the area are medium-textured hardpan

and claypan, which have a characteristically low permeability; thus they would

restrict percolation of water and any contaminants.

*The information presented in this section was taken from the Engineering Science
Phase I IRP Report and on-site observations interviews during Stage I.
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Site 2. Photo Wastewater Treatment Plant and Injection Well No. 2

The Photo Wastewater Treatment Plant (PWTP) has been used

since 1966 to treat photo wastes. It is located on the southwest portion of the base

and receives wastes from the photo laboratory (Building 2145) 2.5 miles to the

northwest. Average waste flow is 20,000 gpd. Treatment and processes include

equalization, chemical flocculation, settling, and filtration. Three injection wells

were used for PWTP effluent disposal until injection was discontinued in April

1986. Four groundwater monitoring wells were installed around the Photo Waste

Sludge Pond in 1985 by Radian Corporation. These wells are used to monitor for

evidence of contamination from the earthen-lined ponds.

The concern at Site 2 results from the unlined pond and the

occasional discharging of treated PWTP effluent onto the ground near the well

heads. This site (plant and injection wells) is approximately 500 feet from the base

boundary and less than 500 feet from Hutchinson Creek. Soils are medium-

textured hardpan that have low permeability and, therefore, retard vertical

movement.

Site 3. Fire Protection Training Areas Nos. I and 2

Fire-fighting exercises were conducted at Fire Protection

Training Area (FPTA) No. I from 1958 to 1971 and have been conducted at FPTA

No. 2 since 1972. The two sites have been combined for this investigation because

of their proximity. FPTA No. I is located in the half-acre .djacent to the

ii-tersection of J and 27th Streets. It contained a shallow, two-foot-deep, unlined

basin. There is no visual evidence of the old FPTA No. I. FPTA No. 2 is located

about 200 feet west of FPTA No. 1. It consists of a shallow basin 150 feet in

diameter surrounded by a 12-inch berm. Inside the basin is a mock aircraft used

for fire training exercises. About 100 feet south of the mock aircraft is an unlined

100-foot-square basin designed to hold the liquid which runs off of FPTA No. 2.

Fire training exercises involve simulated full fires in and around the mock aircraft

and is intended for firefighter training. Residual fuel and water is left in the

unlined basin.
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The site is located within I mile of the base boundary. Surface

soils contain a layer of hardpan, which has very low permeability and retards

vertical contamination.

Site 4. Discharge Area No. 2 (Battery Shop Dry Well)

A sink drain in Building 1088, used to dispose of rinsate after acid

is drained into containers from lead acid batteries, was connected into a dry well.

The "dry well" was four feet in diameter and approximately 20 feet deep and filled

with cobbles. The neutralized acid could have high concentrations of lead. Use of

the dry well was discontinued in 1983.

Site 5. Discharge Area No. 3 (SR-71 Shelter)

The SR-71 aircraft is so constructed that it will leak JP-7 while

on the ground. It has been estimated that the planes lose about 300 gallons of fuel

per week. A major portion of the fuel is lost in the vicinity of the SR-71 shelters

and on Taxiway No. 10 east of the shelters. Some of the fuel runs off the taxiway

into an oil-water separator. Another portion of the fuel runs off into the adjacent

storm sewer which is upstream of DA-1. The soils adjacent to the taxiway area

are discolored in areas indicating potential contamination.

Site 6. Landfill No. 2

Landfill No. 2 occupies 56 acres in the southern sector of the

base. It was used primarily for refuse disposal from the early 1950s until 1980.

Between 1967 and 1978, about 380 cubic yards of sludge from the Photo

Wastewater Treatment Plant were disposed of here. Small amounts of chemicals

and petroleum were also discarded here. Landfill No. 2 is currently used to dispose

of dirt, wood and other construction and grounds maintenance debris.
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Site 7. Discharge Area No. 4 (Army Biological Production Site)

During the period 1962 to 1969, the U.S. Army produced wheat

stem rust at the biological test site located adjacent to Building 1154, in the

southwest corner of the base. In 1969, the production stocks remaining at Beale

were destroyed and the material was rendered inactive by carboxide treatment and

incineration. The residual ash was assayed and plowed into the soil at the site to a

depth of six inches. The entire destruction process was accomplished successfully,

in complete cooperation with federal and state agricultural authorities. The only

chemicals used at the site were Freon, carbon dioxide, ethylene oxide and possibly

TCE.

The site is currently used as the Base Gun Club. Game birds are

housed in large pens throughout the site.

Site 8. Discharge Area No. 6 0-57 Test Cell Drainage Ditch)

The 3-57 Test Cell is located adjacent to Building 1247 at the

north end of the flightline. The drainage ditch at the test cell receives runoff from

the test stand used to test aircraft engines. The runoff includes JP-4, PD-680 and

soap. The soils in the test cell drainage ditch are stained from site runoff.

Site 9. Discharge Area No. 9 (Entomology -- Building 2560)

Discharge Area No. 9 is a gravel basin located adjacent to

Building 2560 inside the fenced Civil Engineering Facility. Since 1981, wash water

from cleaning pesticide application tanks has been discharged onto this area and

allowed to percolate into the soil. There is a small area downhill from the gravel

area which has no grass growing. This appear. to be the result of site operations.

The soils in the area contain hardpan, which helps retard vertical contaminant

migration but increases surface runoff.
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Site 10. Discharge Area No. 5 (1-58 Test Cell Drainage Ditch)

The 3-58 Test Cell is located adjacent to Building 1154 just off

Doolittle Drive and is used to test the SR-71 jet engine. The drainage ditch at the

test cell receives runoff from the test stand used for engine tests. JP-7, soap, oil,

TCE and PD-680 are used here. The soils in the ditch adjacent to the test cell are

stained from site runoff.

Site 11. Discharge Area No. 7 (AGE Maintenance Drainage Ditch)

Discharge Area No. 7 is a drainage ditch located behind

Building 1225 (AGE maintenance). The ground area adjacent to the paved vehicle

parking shows staining likely from POL in site runoff. Some of the stained soils

have been removed; although some discoloration is still evident. The hardpan soil

in the area is relatively impervious.

Site 12. Discharge Area No. 10 (Entomology -- Building 440)

Discharge Area No. 10 consists of a mixing area adjacent to the

southeast corner of Building 440 and a low-lying area 50 feet east of the southeast

corner of the building. Building 440 is located on 6th Street, near 9th. This

building was used for storing and mixing chemicals used for pest control from 1965

to 1980. The soils around the building are relatively impervious hardpan, thus

vertical migration is unlikely.

Site 13. Landfill No. 1

Landfill No. 1 is located on four acres of land in the southwestern

sector of the base, west of the sludge dewatering beds at the sewage treatment

plant and and about 100 feet north of Hutchinson Creek. The PWTP and Injection

Well No. 2 are located immediately adjacent to Landfill No. 1. Refuse was

received here in the 1940's, but its source is unknown. The site is no longer used,

but subsidence typical of landfill aging has occurred at several locations.
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Site 14. Discharge Area No. 8 (Transformer Oil Drainage Area)

The transformer oil drainage area is located in a diked area near

34th and B Streets. From 1977 to 1979, transformers were drained here before

being taken into the shop for repair. Soils here contain a layer of hardpan and thus

contaminan, migration is unlikely; however, some localized vegetation death has

occurred. This site is located in a remote part of the base.

Site 15. Landfill No. 3

Landfill No. 3 currently occupies about 40 acres east of Landfill

No. 2 on 6th Street. It has been in use since 1981 and waste deposited there is

primarily general refuse. Small amounts of chemicals may have been discarded

there as well. Operations at this landfill consist of the trench method for waste

disposal. The base civil engineering department has a current operating permit for

Landfill No. 3.

The soils at this site are hardpan and relatively impervious.

Groundwater is a possible contaminant receptor; however, the soils have very low

permeability.

Site 16. Explosives Ordnance Disposal Area

The Explosive Ordnance Disposal Area (EOD), located on the

northern sector of the base, consists of two bunkers (soil embankments) and a

trench approximately 70 feet x 15 feet x 10 feet in size. Unused ordnances from

military bases around Sacramento are detonated in the bunkers or in the open field.

Large ordnances are detonated in the open field. Diesel fuel and an

underlying/oierlying layer of wood are used to burn the smaller ordnances. No

residual fuel remains after the fire burns itself out. The unburned portion of the

ordnances is then disposed of entirely in the trench. During precipitation, the

trench fills with water. The standing water provides a hydraulic head which would

help move any contaminants in the trench down toward groundwater. Although

hardpan may exist at this site, the trench has probably beached any layer which is

present.
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Site 17. Best Slough

Best Slough flows from east to west on the base before joining

Dry Creek. The site, just south of 6th Street and east of Landfill No. 3, was added

to the IRP investigation because old empty drums were discovered in a trench 50

feet west of the creek in January 1985. The site consists of five depressions, one

of which contains approximately 25 empty drums. The drums are badly rusted and

deteriorated. No information is available on what, if anything, the drums

contained when they were dumped.

Site 18. Bulk Fuel Storage Facility

The bulk fuel storage areas are located on the corner of 6th and

J Streets and contain aboveground fuel tanks. There are dikes around each tank.

Civil Engineering personnel have reported minor spillage at the MOGAS rail car

loading area. Drainage ditches surround the site. Soils in the area contain a layer

of hardpan which will likely reduce infiltration but increase runoff of rainwater.

E. Potential Receptors

Whenever a site is investigated as a potential source of chemical

contamination, the risk to the surrounding environment must be considered. Three

factors must be investigated to determine whether the site poses a risk: (1) the

size and type of chemical source; (2) the pathway by which the chemicals may be

transported from the source; and (3) the possible receptors. The HARM scores

calculated during the Phase I record search are based on information about each of

these factors at each site. Only if there is both a source and a transport pathway

from the source does the presence of a receptor need to be investigated fully.

Based on the descriptions of the Beale IRP sites, the only possible

transport pathway from potential sources is groundwater migration. Groundwater

flows from east to west at Beale AFB (see Figure 11-4). Any contamination that

enters the groundwater from a site at Beale would also flow to the west.

Groundwater wells exist at two locations along the western border of the base.
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Pase Ater production wells are located along the northeastern border, and private

of f- xise wells are located along the southwest ':order 'see Figures 11-5 and 11-6).

The base production wells are not immediately downgradient from any of the sites

at Reale; however, off-base wells are located so that they could be potential

recepcors if contaminated groundwater flows off base. Unfortunately, there is

insufficient information to determine whether off-base wells are drawing water
from the uppermost water-bearing zone (the most likely transport zone). No other
potential receptors have been identified.

F. Site-Specific Geology

AeroVironment investigated IS sites for potential soil or groundwater

contamination. Twenty groundwater monitoring wells were installed at I I of these

sites. The locations of these wells are shown on Figure 11-7. Using lithologic logs

from the wells, AV was able to determine site-specific geology for three general

areas of the base. These areas have been created based on the random groupings of

wells around the flightline, WWTP and active landfill. Figure 11-7 also shows these

areas.

I. Area 1 -- Sites 6 (Landfill No. 2) and 15 (Landfill No. 3)

Sites 6 and 15 are located in the southcentral portion of the base.

Six groundwater monitoring wells were installed in this area. All of the wells

encountered a thick sequence of Laguna Formation (Qtl) from the surface to a

depth of 70 to 80 feet. This formation consists of debris derived from erosion of

the Sierra Nevada Mountains and deposited as silt, clay, sand, and gravel. 1Recause

this is the eastern edge of the formation and quite near the assumed source area of

the sediment, the Laguna Formation has more gravel and is generally more

coarsely grained ini this location than is uisual. This g~avel is generally found in the

upper part of the formation. It is known as the Arroyo Seco gravel in areas south

of the base where it is more common.

Immediately underlying the Laguna Formation is a very coarse

sand and gravel unit known as the Laguna-Mehrten Transition Zone (Ptm). T his

If- I
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-one has been mapped in earious studies as either basal Laguna or uppermost

'Iehrten Formation. It was found in all of the wells in the south half of the base,

but was missing in some areas near the flightline to the north. The gravels of the

transition zone were encountered in the bottom 25 to 35 feet of all borings in

Area 1. None of the borings penetrated through the transition zone to the volcanic

clays of the \lehrten Formation, which is directly beneath this zone in the borings

to the west.

2. Nrea 2 -- Sites 2 (Photo Injection Well 2) and 13 (Landfill No. 1)

Three wells were drilled near the Photo Waste Injection Well

System and downgradient from Landfill No. 1. These wells all encountered very

fine over-bank stream deposits from the surface down to 15 feet. The stream

deposits directly overlie a 40- to 70-feet-thick section of the Laguna Formation.

The Laguna is more finely grained in this area, which is 1-1/2 miles down dip from

Area 1, and looks more like the typical Laguna Formation described in the

literature. The Laguna-Mehrten Transition Zone is found directly beneath the

Laguna Formation. It is 25-35 feet thick in this area.

All three of the well borings encountered the top of the \Iehrter

Formation (Pv) below the transition zone. The Mehrten is easily identified b. th'

change from terrigenous clastic to pyroclastic sediments, in this case, a ,xJr-

volcanic clay. Phase 11 wells extend 5 to 10 feet into the Mehrten Forn'aton.

3. Area 3 -- Flightline Sites

Area 3 has se.ien sites and eleven Aells. TV s,t , ,

Figure 1-3. The uppermost formation in this area is the V'.:F -  •

which consists of silt, sand and buried channels t -gravel

streams draining the Sierra Nevada Mountans JdIrl'I- "

directly overlies the Laguna Formation, Ahjc: '

Victor Formation is up to 120 feet thic-,' ..

wedges down to 10 feet thick in the S..t
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The Victor probably pinches out near the southern edge of the runway; it thickens

gradually to the west.

The Laguna Formation is found directly below the Victor. In the

northern end, near the 3-57 Test Cell, it is only 25 feet thick and 100 feet below

the ground surface, beneath a th-ck sequence of Victor Formation. In the south,

where the Victor thins, the Laguna begins at 10 feet below the ground surface and

extends down to 120 feet. The Laguna-Mehrten Transition Zone is found only in

the center of this area. It is missing at the Fire Protection Training Area in the

south end of Area 3, as well as at the 3-57 Test Cell near the north end of the

runway. Where it is found, this zone is no more than 15 feet thick.

All but two of the eleven wells drilled in this area encountered
the Mehrten Formation. The two that did not stopped in the transition zone. One

of the wells in the Fire Protection Training Area penetrated 40 feet of volcanic

clay from 120 to 160 feet. Generally, the Mehrten Formation was first

encountered at 120 to 140 feet below ground surface.

G. Historic Groundwater Problems

In this area, the main groundwater problem caused by man is the

lowering of the water table and the changing of regional flow patterns by

overpumping in areas southwest of the base. There are no known historical

problems of man-made contamination of local groundwater supplies.

H. Location of Wells

At Beale Air Force Base, water is pumped from nine water supply wells

(base production wells). Their locations were indicated in Figure 11-5. Table 1I-1

gives the construction details of these base wells. Pumping from the groundwater

reservoir at Beale ranged from 1,370 to 4,240 acre-feet between 1960 and 1975,

with the major pumping occurring between May and September. The water is

generally of good quality and appears to be of sodium-calcium chloride and sodium-

calcium bicarbonate types.
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TABLE 11-I. Construction details for installation water supply wells.

Well Perforation Casing

Installation USGS Depth Intervals Diameter
Number Number (feet) (feet) (inches)

I 15N/4E-24Ri 296 175-296 12/16

2 15N/4E-24R2 326 145-160 16
234-310

3 15N/5E-19F1 264 152-251

4 15N/4E-24Hi 405 158-288 16

5 15N/4E-24G 1 299 112-154 16
210-224
238-280

6 15N/4E-24BI 313 130-156 16
192-213
235-241
252-264
289-299

7 15N/4E-24Ai 300 140-270 16()

8 15N/5E-19L1 405 129-206
280-293

9 15N/4E-24K 1 370 186-330 ?

Source: Engineering Science, Phase I, IRP Report, April, 1984
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In February 1978, all the base wells except Well 3 were sampled for the

presence of TCE. None of the samples showed TCE concentrations greater than

the detection limit of 1.5 ppb. Wells 1, 2, 3 and 8 were tested again in August 1983

and all samples were below the detection limit of 0.1 ppb.

In 1966, a monitoring well was installed in the vicinity of the three

photo waste injection wells. These injection wells are more than 1,200 feet deep

and inject wastes into saline-water-bearing strata. The monitoring well

construction details are included in Table 11-2. Samples are collected monthly and

analyzed for cyanide, silver and bromide. Any results over the detection limits for

these parameters have been attributed to lab errors. The monitoring well near the

injection wells is screened in a zone near the bottom of the water table aquifer and

is not useful for detecting downward movement of potential contaminants. Four

additional monitoring wells were installed around the Photo Waste Sludge Pond in

1985. Sampling from these wells showed concentrations of phenol above state and

federal standards (Radian, 1985).

Many irrigation and some domestic wells are located downgradient from

base boundaries. Information about their construction is limited, but their depths

probably exceed 100 feet. In 1976, groundwater quality data were collected for

selected wells outside the base boundaries. Figure 11-6 shows their locations. The

analyses showed that these wells exceeded secondary standards for manganese,

nitrates and chloride (USGS, 1980). Secondary standards address the aesthetic

quality of drinking water, while primary standards are required standards for

drinking water supplies.

I. Meteorology

Table 11-3 summarizes recent historical averages for temperature and

precipitation. The annual evaporation rate (66.5 inches), coupled with the average

yearly rainfall (21.4 inches), yields a net precipitation of minus 45.1 inches. This

implies that precipitation has little chance to percolate to the regional

groundwater table, suggesting in turn a low potential for leachate generation via

II-23



TABLE 11-2. Photo waste injection monitoring well specifications.

T otal Depth (ft) 352

Sanitary Seal (ft) 0-50

Gravel Pack (ft) 50-352

Perforated Intervals (ft) 132-172

192-232

310-352

Casing Diameter(in) 8-5/8

Ground Surface

Sanitary Seal

50'

GaePak132' -

Gravel Pack Water table surface
172' about 85'

192'
Perforated Intervals

232'

310'

352'

Reference: Engineering Science, Phase I IRP
Report, April 1984
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precipitation, especially considering the low permeability of soils on and near Beale

AFB (EPA/530/SW-168 and USDA SCS, 1985). A monthly water balance

calculation was performed, using data from nearby Nicholas, CA. This c: .I&*n

verified that there is no percolation during most years.

Although a 5.5-inch, 24-hour rainfall occurred in October 1962, the

U.S. Air Force Technical Applications Center estimated the more typical 24-hour

rainfall for Beale AFB to be 3.5 inches or less. This value is an indication of runoff

and erosion and is considered to suggest moderate erosion and runoff potential. As

shown in Table 11-3, 95 percent of the rainfall occurs during a seven-month "wet

season" from October through April. During this period, rainstorms of moderate

intensities occur frequently. Significant runoff occurs due to impermeable soils

and hardpans. However, the relatively low relief results in low to moderate erosion

potential for most of the base.

J. Summary of Environmental Setting

A review of information regarding the environmental setting at Beale

AFB reveals the following:

- The soils on the base consist of medium textured clay and hardpans that

.re relatively impervious to the vertical movement of water and thus of

contaminants. A net precipitation of -45 inches further ensures a low

potential for downward flow.

- The flat terrain on Beale AFB creates low potential for contaminant

transport through erosion.

- The geology at Beale varies. In and near the flightline (Area 3), the

Victor Formation is near the surface, below surface soils. It sometimes

contains hardpan, which can retard downward contaminant migration.

Below the Victor lies the Laguna Formation. It consists of silt, clay,

sand and gravel, which provide a conduit for vertical contamination

flow if the hardpan above is breached. The Laguna-Mehrten Transition

Zone is no more than 15 feet thick below the Laguna and does not exist

in some areas. Its consistency is a coarse sand and gravel. In areas
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where it does exist, this zone is a good water producer for monitoring

wells. Otherwise, the Laguna usually hosts the uppermost aquifer.

Below this transition zone is found the %lehrten Formation, which is

characteristically a dark, volcanic clay.

In areas outside the flightline (Areas I and 2), no Victor Formation

exists, so the Laguna Formation lies below surface soils. In these areas,

if the soil does not contain hardpan or the hardpan layer is breached,

contaminants have an easy flowpath to the water table.

Water for the base is currently pumped from seven water supply wells

and water quality is generally good. Two other base production wells

have been closed because of mechanical problems.
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III. FIELD PROGRAM

A. Development

1. Preliminary Activities

AeroVironment (AV) began work at Beale AFB in May 1985 with

an orientation visit on May 8, 1985. AV visited each of the proposed sites and was

briefed on the history and previous IRP work at the site. AV reached agreement on

the locations of planned groundwater monitoring wells with Ms. Marge Rouch of

the California Department of Health Services and Mr. Ken Landeau of the Regional

Water Quality Control Board who were also present during the site visit.

2. Subcontractor Selection

a. Drilling

The statement of work specified 20 groundwater monitoring

wells to be drilled using the air rotary method and a casing hammer. Up to 39

,hallow soil borings using hollow stem augers were also specified. After the

statement of work had been finalized and before the task order was assigned, AV

investigated the availability of air rotary drilling equipment at potential

subcontractors. Only three drilling companies were found to have this relatively

specialized equipment.

AV prepared a Request for Bid (RFB) package for the well

drilling and hollow stem augering work. It asked for cost quotations of hourly rates

for drilling, well construction and development. The bidders were also to quote

material costs for well construction. AV received bids from Beylik, P.C.

Exploration, and Water Development on August 19, 1985. These were evaluated for

cost and demonstration of ability to perform the work. AV judged all three firms

to have adequate experience in projects of similar size and scope. Water

Development was selected based on cost, proximity to the site and experience

working o,. IRP projects at other bases in California. Although this bidding was
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originally conducted for AV's other IRP program in Northern California, after

negotiation, both companies agreed that the offered prices would remain the same

for similar work at Beale AFB.

5. Geophysical Studies.

The statement of work included geophysical studies (ground-

penetrating radar and magnetometer) at Landfill No. I at Beale AFB. Between

May and September, AV received technical and cost proposals for two firms to

complete this work, the Earth Technology Corporation (Earth Technology) of Long

Beach, California. and Converse Consultants (Converse) of San Francisco,

California. AV considered both to be technically equivalent. Converse was

selected based on proximity to the site and AV's previous satisfactory experience in

working with Converse.

3. Technical Operations Plan

In compliance with the project statement of work, AV prepared a

Technical Operations Plan that detailed the sampling, analytical, and documen-

tation procedures to be used on the project (see Appendix K). This plan was

submitted to USAF OEHL for review in October 1985, prior to the start of field

work. After receiving approval of the plan, AV began to finalize details of the

field program.

AV's analytical chemistry subcontractor, Acurex Corporation, was

extensively involved in preparing the Technical Operations Plan and was aware of

all requirements that pertained to it. Further discussion of the AV-Acurex

interface is given in Section I[[.B.5. Drilling and geophysical subcontractors

worked closely with AV field personnel to ensure that they were in compliance with

the applicable sections of the plan.
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4. Safety Plan

AV and Air Force policies require that an appropriate health and

safety plan be prepared before field activities can begin. Safety concerns related

to this field work focused on the hazardous nature of some chemicals suspected of

being present at the site, as well as the "unknowns" relative to exact location,

concentration and volume of possible contaminants. In addition, the potential for

mechanical injury from drilling machinery was of concern.

The site safety plan used by AV's field team is included as

Appendix K. It required that all field personnel wear standard work outfits

(steel-toed boots, hardhats, etc.). It also required that the air at all sites be

monitored for organic vapors, oxygen deficiency and explosive gases.

Work at all the sites at Beale AFB consisted of drilling and sample

collecting. These activities bring to the surface potentially contaminated soils and

water that were previously isolated. The potential for skin exposure or inhalation

was significant. The drilling program was specifically designed to eliminate

drilling through waste material or spill sites. AV placed all wells at upgradient or

downgradient locations. All work areas were relatively flat, out of doors, with

good air circulation. When handling apparently uncontaminated samples, workers

wore new, disposable latex gloves at each sampling location to keep skin clean and

to avoid cross-contamination from sample handling. When collecting samples

thought to be contaminated, workers wore coveralls and 14-inch neoprene gloves

over the latex gloves.

The ambient air was monitored to alert the field team if

hazardous concentrations in the breathing zone rose above acceptable levels. The

following action levels were set up for organic vapor meter readings:

0-5 ppm (above background): no respiratory protection needed

5-50 ppm: air purifying respirator with

organic chemical cartridge

50 - 500 ppm: self-contained breathing apparatus

500 ppm and above: no work
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Other criteria were set for oxygen deficiency and explosive gases.

Air Force personnel at Beale AFB were aware of all activities

each day. Emergency services (fire, police and hospital) were available on-base.

B. Implementation of Field Program

I. Drilling and Well Installation

All wells, except Well 1-01, were drilled by standard air rotary

methods, using a D40K Driuteck drilling rig. Initially, AV was concerned that

unconsolidated sediments in the shallow subsurface would potentially cave during

the drilling process. To avoid this, the rig was equipped with a casing hammer, and

drive casing was used to keep the hole open during drilling. After well installation,

the drive casing was withdrawn, exposing the well to the formation. Gravel pack,

bentonite, and grout were installkd as the drive casing was removed.

Two drilling rigs were used for this portion of the project. The

rig, previously described above drilled the hole, drove the outer casing, and

installed the well casing and gravel pack. A second rig, equipped with large

hydraulic jacks, jacked the drive casing out of the ground, for later use, and

grouted the hole to the surface. Well 1-01 was drilled using standard mud rotary

techniques. Samples for lithologic description were collected and rinsed by the on-

site geologist at 5-foot intervals. Rig motion and penetration rate were also noted.

a. Well Installation

Water Development Corporation installed, under the

supervision of AV's field geologist(s), a total of 20 wells to monitor the uppermost

saturated zone at Beale AFB. All of these wells were constructed using stainless

steel well screens with mild steel riser pipe. Steel wells were installed because the

Air Force had decided that all sites could require long-term monitoring.

Figure I11-I diagrams a typical monitoring well and Appendix E contains diagrams

of all wells installed for this project, along with the lithologic logs of the borings.
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AV gathered information on groundwater flow and gradients

from the IRP Phase I study, from a groundwater monitoring program in place at the

wastewater treatment plant, and from the state regulatory agencies. Well

locations selected were either directly upgradient or downgradient of the

potentially contaminated sites to be investigated.

Bore holes were drilled to about 20 feet below the water

table (using the air rotary method, the water table was easy to identify). Well

screens were placed 10-15 feet into the saturated zone, to allow for fluctuation in

the water table. Thus the surface of the water table and the capillary fringe could

be monitored for hydrocarbons or other light contaminants.

b. Well Development

Because the wells installed at Beale AFB were difficult to

develop due to sediment, several methods were tried. Initially, Water Development

Corporation attempted to bail and pump the wells to remove sediment and flush
any remaining drill cuttings from the formation. This method worked on wells

installed at Landfills Nos. 2 and 3, but was not successful on other wells. A second

method, using a plunger-type bailer, did not achieve the desired results. Generally,

the wells at Beale have very low yields. Most development techniques work by

removing large amounts of water from the hole at high flow rates and bringing

suspended sediment to the surface with the water. Water is usually removed until

all the sediment has been suspended and removed. Because the wells produced so

little water, it was difficult to suspend and remove the sediment.

After attempting several modifications to the standard air-

lift technique, Water Development Corporation was able to obtain successful but

slow results. The technique works on the Venturi Principle. A vacuum was created

by passing air over a small opening in the suction line just above the water level.

The vacuum then pulled water and sediment up out of the well through a pipe. An

inflated bladder was used to isolate the bottom 20 feet of the hole and to prevent

the introduction of air from the screened zone. Figure 111-2 shows the method in

more detail. This method proved successful, but usually took 12-18 hours of air-

lifting per hole.
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c. Surface Completion

The wells sited in the industrial area of the base or near the

flightline were completed about one inch above the ground surface and placed in

concrete "christie" boxes with locking steel caps to keep surface runoff water from

entering the well. Five wells were completed in this fashion. The remaining wells

extended 2-3 feet above ground surface. We shielded them with a steel guard pipe

and lid set in a 4 feet x 4 feet x 4 inch concrete pad.

2. Groundwater Sampling Phase

AV collected two rounds of groundwater samples approximately

three months apart. Similar collection procedures were used by both sets. Both

included the wells drilled during Phase II, Stage 1, existing wells at the Photo

Wastewater Treatment Plant (PWTP), and base production wells. Table 111-I shows

each set of samples.

AV collected one set of samples for analysis by AV's lab (Acurex)

and a complete set of split samples for USAF OEHL. For each round, two field

crews were mobilized: a well evacuation crew of two members and a sampling

crew of two to three members. The evacuation crew initiated the operation by

measuring the static water level in the well and then pumping five well volumes

with a submersible impeller pump. While pumping, they recorded temperature,

initial and final readings for water pH using a Research Model 211 pH meter, and

conductivity using a Horizon Ecology Type 1840-10 conductivity meter. Initial and

stabilized pH, temperature and conductivity values are presented at the end of

Appendix H. If the well was a low water producer, or was inaccessible to the

pumping vehicle, they used a 3-1/2-inch diameter, teflon hand bailer to remove the

required volumes. Unless the well needed time to recover, the sampling crew

immediately began the sampling procedure. Two members sampled the well with a

1-7/8 inch diameter stainless steel bailer and nylon rope pulley system, while the

third documented the sampling. The volume of water collected depended on the

types of analyses for which the sample was needed. Table 111-2 shows types of

analyses, size of samples, and preservatives required.
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TABLE 1lI-I. Sampling Timetable.

Soil Samples

10/22/85 6 auger rig samples Site 17

10/23/85 6 auger rig samples Site 17
4 auger rig samples Site 9

10/24/85 7 auger rig samples Site 11

10/25/85 6 auger rig samples Site 11

10/31/85 14 auger rig samples Site 3

11/01/85 16 auger rig samples Site 3
2 auger rig sample Site 9

11/12/85 16 auger rig samples Site 2

11/13/85 9 auger rig samples Site 12
8 auger rig samples Site 5

11/14/35 15 auger rig samples Site 5

11/15/85 27 auger rig samples Site 18

1/16/85 9 auger rig sample Site 18

11/20/85 4 hand core samples Site 7
6 hand core samples Site 3
6 hand core samples Site 8

11/21/85 7 hand core samples Site 10
6 hand core samples Site 17

11/22/85 12 hand core samples Site 14
7 hand core samples Site I I
I surface grab samples Site 16
2 bottom sediment samples Site 3

11/23/85 5 bottom sediment samples Site 1

04/16/86 7 hand core samples Site 10

04/17/86 1 surface grab sample Site 16

Water Samples

Round I

11/19/85 4 surface water samples Site 13
4 bottom sediment samples Site 13
I surface water sample Site 17

11/23/85 4 surface water samples Site I

01/06/86 1 groundwater sample Site 4
I groundwater sample Site I I
I groundwater sample Site 10
I groundwater sample Site 5
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TABLE 1ll-1. (con't)

01/07186 3 groundwater samples Site 3
I groundwater sample Site 8
I groundwater sample Site 2

I groundwater sample Site R2

01/08/86 1 groundwater sample Site 3
2 groundwater samples Site R2

01/09/86 4 groundwater samples Site 15
I groundwater sample Site 3
I groundwater sample Site 6
4 surface water samples Site 13
I surface water sample Site 17

01/10/86 2 groundwater samples Site 13
I groundwater sample Site 6

Round 2

04/14/86 3 groundwater samples Site 3
I groundwater sample Site I

04/15/86 2 groundwater samples Site 3
2 groundwater samples Site 6
4 groundwater samples Site 15

04/16/86 2 groundwater samples Site 13
I groundwater sample Site R2
I groundwater sample Site 2
I groundwater sample Site 10
I groundwater sample Site II
4 surface water samples Site 13
I surface water sample Site 17

04/17/86 1 groundwater sample Site 8
I groundwater sample Site 4
1 groundwater sample Site I
3 groundwater samples Site R2
3 surface water samples Site I
I surface water samples Site 3

04/18/86 1 groundwater sample Site 5
6 groundwater samples Base Production
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TABLE 111-2. Groundwater Sampling Requirements.

Parameters Analysis Method Sample Size Preservatives

VOC (Volatile Organics) EPA 601/602 40 ml None

Oil & Grease EPA 413.2 1 liter I ml Sulfuric Acid

Petroleum, Hydrocarbons EPA 418.1

Metals EPA Series 200 500 ml 2 ml Nitric Acid

BNA (Base Neutral Acids) EPA 625 4 liter None

4 ml Phosphoric Acid
Phenol EPA 420.1 1 liter and

I g Cupric Sulfate

Lead EPA 239.2 500 ml 2 ml Nitric Acid

Pesticides/Herbicides SM 509 A&B 4 liter None
(Standard
methods)
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The first two bailers of well water were used to rinse the

decontaminated sample bucket. Volatile organics (VOC) samples were taken first

and poured directly from the bailer into the sample bottles. After collecting the

VOC samples, the water for other parameters was collected in the sample bucket.

After enough water had been collected to fill all the remaining bottles, the sample

water was poured through a stainless steel funnel into the appropriate sample

bottles. If the sample was to be analyzed for metals, the water was carefully

filtered through a Geotech pressurized 0.45-micron filter with a glass pre-filter.

After any required preservatives were administered and the sample bottles were

sealed, labeled and immediately stored in iced coolers.

All sampling equipment was decontaminated between well

samplings. This process included a wash with Alconox detergent, a rinse with

drinking-quality water, and then a triple rinse with de-ionized water. The

equipment was then wrapped in aluminum foil to ensure cleanliness. The well

sampler (i.e., the crew member who handled the sample bailer) wore a new pair of

latex gloves during the sampling at each well.

After the day of sampling all samples (including the 10% split

samples for blind quality assurance purposes) were packed in the field and chain-of-

custody forms were completed. One field blank was prepared for each sampling

round. These samples were shipped via Greyhound Bus Lines to the laboratory for

analysis.

3. Soil Sample Collection

The Water Development Corporation, under AV's supervision,

drilled 38 hollow stem auger borings at eight of the sites on Beale AFB. The

drilling locations were selected to allow sampling of worst-case contamination

based on on-site observations in the upper soil at each site (with the exception of

background holes). All necessary drilling permits were obtained for each drilling

location. Most holes were about 15 feet in depth with soil samples collected at 3-

foot to 5-foot intervals. The planned 30-foot boring at the Battery Shop dry well

was not completed because of difficult drilling conditions and drilling access
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problems. A two-man crew operated a Simco Model 2800S drill rig and collected

samples under the supervision of AeroVironment's geologist. As each sample was

brought to the surface, the geologist examined it, checked it for organic vapors,

capped the ends sealing it for storage, and logged the soil description. Each sample

was sealed quickly to avoid addition or loss of contaminants. Between samples, the

drilling crew decontaminated equipment. Throughout the drilling and sampling

operation, the geologist monitored ambient air for field crew safety.

AV used an 18-inch split spoon sampler to collect the soil samples

from the borings (Figure 111-3). This sampler was split down the middle and three

6-inch long, 2-inch OD mild steel tubes were placed inside it as liners. The sampler

was lowered down the center of the hollow stem auger after the bit (or plug) had

been removed. The sampler was driven 18 inches into the undisturbed soil directly

below the open hole. Sampling always occurred ahead of the augers. The sampler

was driven into the ground by a 140-pound hammer falling 30 inches. The field

geologist counted the number of times the hammer fell to advance the sampler

each six-inch segment. This number is called the blow count and gives some

indication of the soil's stiffness. It is recorded on the boring logs in Appendix D.

When the sampler was driven into the ground, an 18-inch column

of soil was pushed up into the rings. The sampler was then pulled out of the hole

and opened. The three rings were marked with the depth to which they had been

driven. The uppermost ring was discarded, because it often contained sluff

material which fell into the bottom of the hole. The bottom two rings were

prepared for laboratory analysis. The field geologist quickly removed the rings

from the sampler, visually inspected the soil, covered both ends with aluminum

foil, capped the ends with airtight plastic caps and sealed the caps with electrical

tape. Afterwards, the sample was labeled for laboratory identification and logged

on the boring log. After marking and logging, the field geologist stored the sample

on ice in a picnic-type cooler. This method of samepling provided a basically

undisturbed, airtight soil sample to be shipped to the laboratory.

The AV project team considers the "ring sampling" method used at

Beale AFB to be superior to the traditional split-spoon sampling method used on
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many EPA drilling programs. Split spoons without rings require opening and mixing

the soil sample, and transferring the sample into the sample jar. Tne ring method

virtually eliminates the sampling errors of cross-contamination, sample

mishandling, and loss of volatile compounds.

This method collects three discrete, six-inch samples at each

sample location. The bottom ring was analyzed by AV's laboratory, Acurex, the

middle ring was saved as a quality assurance (QA) sample and the upper ring

(possibly filled with foreign soil) was discarded. Beale AFB personnel selected 10%

splits from the QA samples for the OEHL Analytical Laboratory. AV sent 10% of

the QA samples to Acurex as blind duplicates. Because the QA samples were

actually from the bordering six-inch column of soil, they were not true splits.

However, AV feels that the decreased chance of cross-contamination in the

samples is more important than obtaining a true split. Soils six inches away should

correlate well enough to check laboratory precision. (The QA program is discussed

further in Section III-D.)

Between samples, the sampler was washed with Alconox detergent

and water, rinsed with drinking quality water, and reloaded with new rings. (The

steel rings used at Beale AFB were always new to prevent cross-contamination.)

Prior to use, the rings were thoroughly cleaned with a paper towel to remove dust

or moisture from the inner surfaces. The field geologist wore latex gloves

whenever he handled the samples. The drilling tools were steam-cleaned between

holes to avoid cross-contamination. All holes were grouted to the surface with

cement at the end of drilling in each area.

Numerous shallow soil samples and sediments were collected at

eight of the sites. Sediment samples were collected along stream banks. Most

sampling locations were chosen to detect evidence of direct spillage/application of

waste material to the ground's surface or runoff of contamination into drainage

channels. Sediment and soil samples from drainage channels were collected at

ground surface and one foot below the surface. Samples at the Biological

Production Site, EOD, Best Slough, and the transformer area were collected only at

the surface. These samples were collected on November 19-23, 1985, by two AV
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personnel using a hand auger and hand-operated slide harnmer sampler. The

samplers were responsible for collection, logging, air monitoring and

decontamination.

Hand-augered samples were obtained in much the same way as

samples collected with the drill rig. The sampler (Figure 111-4) held a single 6-inch

cylinder, 2 inches in I.D., and was driven into the soil with a slide-hammer

attachment. AV used sample collection rings machined from mild steel. After a

sample was collected, it was removed from the sampler in its collection ring, the

ends were covered with aluminum foil, capped, and taped. The sample was then

logged. The sampler was washed with Alconox and water and rinsed with drinking

quality water between samples. After the surface sample was taken, the boring

was advanced to the desired depth with a hand auger and the soil sampler was again

used to obtain a 6-inch core at the bottom of the hole. The hand auger was

cleaned between holes.

As with the deep borings, AV team members consider the method

of collecting shallow soil samples in undisturbed rings to be significantly better

than more traditional methods. The traditional method involves excavating the

soil, mixing it, and placing it in sample containers. That method provides multiple

opportunities for loss of volatile constituents from or addition of outside materials

to the soil. The method used at Beale AFB rcJuced the potential for sampling

error.

Because the shallow samples at this site were depth-specific, the

QA samples were taken from a separate hole immediately adjacent to the original

hole. This allowed the "split" samples to be taken at the same depths as those

taken for AV's lab (Acurex). As with the samples from the deep borings, the QA

samples were not true splits but are considered to be less prone to field error.

Beale AFB personnel selected 10% of the QA soil samples for shipment to the

USAF OEHL lab. AV then submitted approximately 10% of the QA samples to

Acurex as blind duplicates.
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Packground soil samples were collected at all sites except the

TRiological Production Site and the transformer area. Rackground samples were

always taken in the general area of and at the same depth as the other samples to

obtain similar soils but away from possible influence from the suspected

contamination.

4. Surface Water Sampling

Surface water samples were collected from Hutchinson Creek at

Landfill No. I, from Best Slough, and from the West Drainage area. The samples

were collected by hand, by placing the sample bottles into the water and allowing

them to fill. At Best Slough and Landfill No. 1, water was collected about two feet

from the bank ,f the creek. There was no visible flow during either sampling

effort, but there was at least three feet of water in the streambed. Sediment

samples were collected from the streambank at the same location as the surface

water samples. The west drainage did not have any visible flow either. The

drainage channel had about three feet of standing water at the headwall, but the

water level dropped to about six inches after about )0 feet. Within about 10%0

feet, there was no water in the channel.

5. Geophysical Program

On November 18 and 19, 1985, magr-iometer and ground-

penetrating radar (GPR) surveys were conducted at Landfill No. I to determine the

boundaries of the disposal area, depth to buried refuse, and the presence of any

metal such as buried drums. During this survey the magnetometer traversed

approximately 13,000 linear feet and the GPR 7,660 feet.

6. Laboratory Interface

All samples collected at Beale AFB were analyzed at Acurex

Corporation's laboratory in Mountain View, California approximately 250 miles

from the base. Acurex's laboratory is certified by the California Department of

Health Services and is a contract laboratory for the U.S. Environmental Protection
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Agency. These samples were shipped uia Greyhound bus and deiiered to the

laboratory overnight. Whenever possible, AV contacted the lab the morning after

sample shipment to confim receipt. The laboratory sample custodian checked all

chain-of-custody documents against samples received, then signed each form a-d

returned it to AV.

.\V field personnel maintained close communication with

laboratory personnel throughout the field program to ensure all samples shipped to

the laboratory had arrived in good condition, to coordinate sampling activities with

the laboratory ensuring samples could be processed within specified holding times,

and to identify errors in sampling, preservation or analysis quickly, so that they

could be rectified.

AV personnel visited the laboratory on several occasions to

discuss the analytical methods, disposition of samples, potential problems, quality

assurance, and data reporting. During the visits a check was made to verify that

the sample holding time limits were not exceeded. Also, available test results

were reviewed for completeness and consistancy. Any suspicious findings resulted

in reanalyzing and sometimes resampling until satisfactory results were achieved.

An AV audit team cnnducted a quality assurance audit of the

laboratory in April 1986. Its purpose was to evaluate the laboratory's methods and

procedures, as they relate to the analysis of Air Force IRP samples, in order to

ensure that the resulting data were true and valid. This audit is discussed as part

of Section Ill.E, Quality Assurance Program.

C. Daily Field Activity Summary

The following section summarizes sampling activities and well drilling/

construction/development chronologically. Significant daily events and

accomplishinents have been noted. A condensed summary is presented in

Table 111-3. Figure 1-3 shows the locations of the sites.
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Tuesday, October 22, 1985. AV and its drilling subcontractor, the

Water Development Corporation, arrived on site to begin soil sample collection.

Three borings were completed at Site 17 (Best Slough) using a hollow stem auger

drill rig. Six soil samples were collected.

Wednesday, October 23, 1985. The sampling team completed three

borings at Site 17 and two borings at Site 9 (Entomology Building 2560). Ten soil

samples were collected.

Thursday, October 24, 1985. Two borings were completed at Site

No. 11 (AGE Maintenance). A mechanical failure in the drill rig prevented further

sampling for the day. The sampling team collected seven soil samples.

Friday, October 25, 1985. At Site 11, two borings were completed, and

six soil samples collected. The sampling crew moved to Site 4 (the Battery Shop)

to drill the 30-foot hole at that site. Difficult drilling conditions prevented the rig

from advancing the hole to the desired depth. No samples were taken at Site 4.

Monday, October 28, 1985. The well-drilling crew from Water

Development Corporation arrived and set up the drill rig on Site 15 (Landfill No. 3)

for Well No. 15-01.

Tuesday, October 29, 1985. Well No. 15-01 was drilled to a total depth

of 117 feet.

Wednesday, October 30, 1985. Construction of Well 15-01 began with

setting the stainless steel screen and packing the sand.

Thursday, October 31, 1985. After placing the bentonite seal in

Well 15-01 and grouting the hole to the surface, th-. crew moved the drill rig to

Site 15-02 and drilled to 40 feet.

After repairs, the auger rig returned to the base and drilled four

shallow borings at Site 3 (the FPTA). Fifteen soil samples were collected.
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Friday, November 1, 1985. Drilling at Well 15-02 finished at 87 feet.

The well construction crew placed the stainless steel screen, sand pack and

bentonite seal in the hole.

The sampling team used the auger rig to drill three holes at Site 3 and

one at Site 9 (Entomology Building 2560). Eighteen soil samples were collected

before the drill rig broke down.

Saturday, November 2, 1985. Construction of Well 15-02 finished with

grouting to the ground surface. Well 15-03 was drilled to 60 feet.

Monday, November 4, 1985. The drilling crew finished Well 15-03 at

100 feet. They then moved the rig to the site of Well 15-04 and began drilling.

The development rig from Water Development Corporation arrived.

Tuesday, November 5, 1985. Drilling at Well 15-04 finished at 100 feet.

The construction team set the screen, sand, and bentonite and grouted Well 15-03.

Wednesday, November 6, 1985. The drill rig was moved to Site 6

(Landfill No. 2) and Well 06-01 started. The construction team set the screen and

grouted Well 15-04.

Thursday, November 7, 1985. The drilling crew completed Well 06-01

at 90 feet and moved to Well 06-02, which they drilled to 60 feet. The

construction team trimmed the casing of Well 06-01 and completed construction.

Development of 15-02 began.

Friday, November 8, 1985. After advancing Well 06-02 35 feet to a

final depth of 95 feet, the drilling crew moved the rig to 13-01 (Landfill No. 1),

behind the sewage treatment plant. Well 13-01 had been advanced to 20 feet,

when drilling stopped for day because a metal shaving lodged in the driller's eye.

The construction team built Well 06-02. The development of Well 15-02 was

completed with a pad and locking cap.
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Saturday, November 9, 1985. The drilling crew advanced Well 13-01

80 feet to completion at 100 feet. Well 15-01 was developed and a pad and locking

cap put in place.

Mlonday, November 1I, 1985. The drillers moved to Well 13-02 and

drilled to 60 feet. The construction team placed the screen, sand and the bentonite

seal in Well 13-01. The development team began pumping Well 15-03, but the

pump broke.

Tuesday, November 12, 1985. Well 13-02 was drilled to 100 feet. The

construction team attempted to pull the remaining casing from Well 13-01, but the

screen came up with it. The bentonite seal had been placed in the casing, rather

than below it, on November 11, 1985. All materials were removed from the hole.

The construction team then moved to Well 13-02 and began construction. The drill

team set up on Well 13-01 to redrill the hole. The development team pumped Well

15-04.

After repair, the auger rig returned again to complete the shallow

borings. The sampling team drilled four holes at Site 2 (Photo Wastewater

Injection Well) and collected sixteen samples.

Wednesday, November 13, 1985. A day of equipment problems. The

clutch on the drill rig failed and the rig was removed to the staging area. The

construction rig proved difficult to start, but the team put bentonite in Well 13-02

and grouted it. Although pumping of Well 06-02 began, the transformer blew and

pumping stopped. AV suggested that a suction-type bailer be used for

development.

The auger rig completed three holes at Site 12 (Entomology Building

440) and two holes at Site No. 5 (SR-Tl Shelter). The sampling crew collected

seventeen soil samples.

Thursday, November 14, 1985. The drill rig had been fixed, so it was

used to ream Well 13-01. The drilling crew moved the rig to drill the injection
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well. The construction teams put screen and sand in Well 13-01. The pump rig

developed Well 06-01 and was then moved to 06-02, where the pump silted up. An

alternate development method was again suggested.

The auger rig completed the remaining four borings at Site 5. Fifteen

soil samples were collected.

Friday, November 15, 1986. The drilling crew sank Well 02-01 (Photo

Wastewater Injection Well) to a total depth of 115 feet. The construction crew

completed Well 13-01 and trimmed the drive casing. No development occurred.

The auger rig completed three borings at Site 18, (Bulk Fuels Storage)

where twenty-seven soil samples were collected.

Saturday, November 16, 1985. After moving the rig from Well 02-01 to

the fire protection training area, the drilling crew sank Well 03-01 to 95 feet. Well

No. 02-01 was constructed; no wells were developed.

The sampling team completed the final boring at Site 18 and collected

nine soil samples.

Sunday, November 17, 1985. Drilling continued on Well 03-01 from 95

to 140 feet, when an hydraulic fitting failed. The construction team trimmed the

casing. No development took place.

Monday, November 18, 1985. Well 03-01 was extended to 160 feet

without encountering noticeable water, although the water table was believed to be

at 100 feet. The hole was temporarily abandoned. Well 03-02, 370 feet away, was

drilled to 100 feet to try to locate water. Water suddenly came up in Well 03-01 to

approximately 80 feet. No construction or development took place.

The USAF selected splits of soil collected on November 14, 15 and 16.

AV then selected five QA samples to be added to the soil samples analyzed by

Acurex.
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The geophysical crew arrived at the site and staked the grid system at

Site 13 (Landfill No. 1). The GPR survey was completed.

Tuesday, November 19, 1985. Because no water had been encountered

at 100 feet, the drilling team continued to drill Well 03-02 to 135 feet. Water was

encountered at 3pproximately 115 feet, although the well was making water slowly.

No construction or development took place.

The sampling crew collected surface water and bottom sediment

samples at four locations at Site 13. The surface water sample from Site 17 (Best

Slough) was also collected.

The geophysical crew conducted the magnetometer survey at Site 13.

This concluded the geophysical activities.

Wednesday, November 20, 1985. Sounding Well 03-02 showed the water

level up 6 feet from November 19 (SWL = 126 feet). The crew decided to set the

screen at 112-132 feet The drill rig was moved to Well 03-03 and the well drilled

to 100 feet, while the construction crew completed Well 03-02. The development

crew tried pumping Well 06-02 (Landfill No. 2) but found it very silty. Bailing,

instead of pumping, was suggested as a development technique.

The sampling crew collected sixteen surface soil samples from Site

No. 7 (Biological Production) to be composited into four samples for analysis. They

also collected six soil samples from three locations at Site 3 (FPTA) and seven soil

samples from four locations at Site 8 (3-57 Test Cell). A field blank water sample

was also prepared.

Thursday, November 21, 1985. The drilling team advanced Well 03-03

from 100 to a total depth of 140 feet. The well was making little water

(approximately one quart per hour). The new fence posts made access to 03-03

difficult. The construction crew decided to plug the bottom of Well 03-01, then

grout it up to the first aquifer at 105-135 feet. The drillers moved to Site I I (AGE

Maintenance Shop) and drilled 60 feet.
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The sampling team collected seven soil samples from four locations at

Site 10 (3-58 Test Cell) and six surface soil samples at Site 17 (Best Slough).

Friday, November 22, 1985. Well 11-01 was drilled to a total depth of

140 feet, after which the screen and sana oack were installed. The casing proved

very hard to pull. Well 03-01 was grouted from 158-131 feet. No development

occurred.

The sampling team collected twelve surface soil samples at Site 14

(Transformer Drainage), seven soil samples from four locations at Site 11, three

surface soil samples for compositing from Site 16 (EOD) and, finally, two bottom

sediment samples from the holding pond at Site 3.

Saturday, November 23, 1985. The drilling crew moved the rig from

Well 11-01 to 03-04, then waited for a drive casing. Construction of Well 03-03

began; the casing was again very difficult to pull. No wells were developed. Rain

of 1 inch plus fell.

Four surface water samples and five bottom sediment samples were

collected from three locations at Site I (West Drainage). Four QA samples were

also selected. No water was encountered in the West Drainage at the base

property line.

Sunday, November 24, 1985. The team finished constructing and
grouting Well 03-03. When it proved impossible to get the rig through the new

fence posts, the team decided to cut one post, move the rig, then weld the post

back. Again, 1 inch plus of rain fell.

Monday, November 25, 1985. Well 03-04 was drilled to 60 feet and the

casing trimmed. After pumping excess water from W.ell 03-01, the team began to

construct the well. Pulling the casing on 03-01 revealed a thin cement plug in it

that needed to be reamed before the screen could be set. The construction team

moved to Well 11-01 to work until Well 03-01 could be reamed by the drill rig. The

pump truck became stuck in the mud.
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Tuesday, November 26, 1985. Drilling at Well 03-04 finished at

137 feet. The construction team could not pull the casing on Well 11-01; they

needed a larger hydraulic pump. The construction rig was taken to Woodland to

upgrade the hydraulic pump. The pump truck was freed from the mud.

Wednesday, November 27, 1985. The drillers constructed Well 03-04

and began grouting it. The casing was at first easy to extract but then locked

tight; 80 of the 132 feet of casing had to be abandoned. The remainder of the hole

was grouted.

Thursday-Sunday, November 28-December 1, 1985. Thanksgiving break.

Monday, December 2, 1985. Well 03-01 was reamed out and Well 03-02

pumped.

Tuesday, December 3, 1985. Well 03-01 was constructed and its casing

trimmed. After finishing the pumping at Well 03-02, the development crew worked

on an alternative jet pumping system.

Wednesday, December 4, 1985. When drilling began at Well 03-05, the

ground was very soft and muddy and the rig began to sink. The site was moved

20 feet and drilling began again. The drill hit a water main and the rig was again

stuck in the mud. Base Civil Engineering was reluctant to define a suitable area

for drilling at the 3-57 Test Cell. The construction crew began Well I1-01, but the

pump broke.

Thursday, December 5, 1985. The crew decided to drill Well 04-01 at

the Battery Shop site, but waited 1-1/2 hours for Civil Engineering to approve the

site and move the dumpsters. The drill crew completed 04-01 at 140 feet. The

construction crew completed installation of Well 11-01.

Friday, December 6, 1985. Approval to drill Well 08-01 at Site 8 (the

3-57 Test cell) was finally received. The original site was too muddy to drill. At

the new site, the crew drilled to about 100 feet. The construction crew began and
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completed 90%6 of Well 04-01. The construction rig became stuck in the mud

outside the gate to Site 8.

Saturday, December 7, 1985. Drilling at Well 08-01 was completed at

150 feet and the drill rig cleaned to do Site 5 (SR-71 Shelter). After extracting the

construction rig from mud, construction of Well 04-01 was completed.

Sunday, December 8, 1985. The drilling crew moved the rig to Site 5

(SR-71 Shelter) and completed the hole at 140 feet. The construction crew put the

screen, sand and bentonite in Well 08-01.

Monday, December 9, 1985. After returning to Site 3 (FPTA),

Well 03-05 was drilled to 140 feet. The construction team grouted Well 08-01.

The drill cuttings were removed from Sites 4, 5 and 10.

Tuesday, December 10, 1985. The drilling crew moved the rig from the

staging area to Site 10 (Test Cell J-58) and completed the hole at 100 feet. The

construction rig installed Well 05-01.

Wednesday, December II, 1985. After pulling the rig off Well 10-01

and preparing to move it to Site I (West Ditch), the drilling team waited 1.5 hours

for access. As they finally proceeded toward the West Ditch, the drill rig got stuck

on the "gravel" road and was hung up for 5.5 hours. It proved impossible to get the

drill rig to the site under winter conditions unless the road was upgraded. The

construction crew installed Well 03-05.

Thursday, December 12, 1985. The drill rig was returned to Woodland,

California. The construction team installed Well 10-01. The development team

arrived with the packer and compressor to try a new technique. No development

had occurred since November 25, 1985.

Friday, December 13, 1985. One man undertook development at

Well 03-04 using the packer and compressor to airlift water/sediment. The packer

proved too small for the 4-inch casing and blew up in use.
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Monday, December 16, 1985. Development resumed at Site 10 (3-58

Test Cell) with a larger packer.

Tuesday, December 17, 1985. Development of Well 10-01 was nearly

completed. The alternative method proved acceptable but very slow.

Wednesday, December 18, 1985. After completing the development of

Well 10-01, the development team moved to 11-01 (AGE Maintenance) and set up.

Thursday, December 19, 1985. The return hose on the packer collapsed.

Rigid PVC was suggested as a replacement. The crew left Site 11-01, moved to

03-02 (FPTA), and began developing it using rigid PVC piping.

Friday, December 20, 1985. A small drill rig arrived to attempt drilling

Well 01-01 (West Ditch). The drill opened a hole to 40 feet with a mud rotary.

Development at Well 03-02 continued.

Saturday, December 21, 1985. The drill rig at Well 01-01 got down to

75 feet, but the bit kept plugging and the hole continued to cave. Lots of sand, a

poor mud mixture and insufficient settling time in the mud pit added to the

problem. Development of Well 03-01 began.

Sunday, December 22, 1985. At Well 01-01, the drill rig was inoperable

most of day with a leaky water swivel; the hole continued to collapse. The drillers

returned late in the day and worked till late at night extending the well to

100 feet. Development finished at Well 03-01 and began at Well 03-05.

Monday, December 23, 1985. Three hours were spent getting AFB

passes. After drilling the hole at 01-01 to 140 feet, the fuel pump on the truck

went out. The hole at Well 01-01 collapsed 20 feet and the drill bit got stuck.

Development of Well 03-05 continued.

Tuesday, December 24, 1985. The drill crew returned to Site 01-01 at

4:00 a.m. and set up a cyclone to remove sand from recirculated drill mud. After
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redrilling 10 feet, the bit stuck and the hydraulic line to the drive head broke. A

berm was constructed around the hole to stop infiltration. The hole was then filled

with thick mud and covered before the crew went home for Christmas. The

development crew completed Well 03-05, moved to Well 11-01 (AGE Shop) and

completed development there also.

Thursday-Sunday, December 26, 1985-January 5, 1986. The drilling

contractor developed four wells by jet pumping. AV personnel were not on site.

Due to weather conditions, they did not develop Sites 15 (landfills Nos. 3 & 25) and

6 with this method, but instead used bailing and pumping.

Monday, January 6, 1986. AV well sampling team arrived at Beale to

collect the first round of groundwater samples. Base passes were obtained for the

entire team. Samples were collected from Wells 04-01, (Battery Shop) 11-01,

(AGE Maintenance) 10-01 (J-57 Test Cell) and 05-01 (SR-71 Shelter). A QA sample

was also collected. Well 03-03 was developed using the jet pumping method.

Tuesday, January 7, 1986. Groundwater samples were collected from

Wells 08-01 (3-57 Test Cell), 03-02, 03-01 (FPTA), 02-01 (Photo Wastewater

Injection Well), Radian Well No. 4 (Photo Wastewater Treatment Plant), and 03-05.

The development crew completed Well 03-04.

Wednesday, January 8, 1986. The sampling team collected groundwater

samples from Well 03-03, Radian Well No. 2, Radian Well No. 3 and from 7 of the 9

base production wells. Radian Well No. I had a development bailer in it and two of

the base production wells were nonfunctional, so none of these wells were sampled.

Phenol samples were collected from Well 01-01 (West Drainage) and Radian Well

No. 4 (Photo Wastewater Treatment Plant), because they had been forgotten on

January 7. A QA sample was also prepared. Development of Well 13-01 (Landfill

No. 1) was completed.

Thursday, January 9, 1986. The sampling team collected groundwater

samples from Wells 15-01, 15-02, 15-03, 15-04 (Landfill No. 3), 03-04 (FPTA) and

06-01 (Landfill No. 2) and prepared a QA sample. Surface water samples from
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four locations at Site 13 and Site 17 (Best Slough) were recollected for VOC and

O&G analysis. After completing Well 13-02, the development crew left the base.

Friday, January 10, 1986. After collecting groundwater samples from

Wells 06-02, 13-01 and 13-02 and preparing a QA sample, the sampling team left

the base. The drilling subcontractor remained on base to finish the wells' surface

completions.

Wednesday, March 26, 1986. AV's field geologist arrived at Beale AFB

to supervise drilling of Well 01-01 (West Drainage). The well was drilled to 90 feet.

Thursday, March 27, 1986. Well 01-01 was completed to a depth of 120

feet.

Monday, April 14, 1986. The sampling crew arrived at Beale AFB to

begin round 2 of groundwater monitoring well sampling. Groundwater samples

were collected from Wells 01-01, 03-03, 03-04 and 03-01.

Tuesday, April 15, 1986. The field crew sampled Wells 03-02, 03-05,

06-01, 06-02, 15-01, 15-02, 15-03 and 15-04.

Wednesday, April 16, 1986. The sampling crew collected groundwater

samples at Wells 13-01, 13-02, Radian Well No. 1, 02-01, 10-01 (J-52 Test Cell) and

11-01 (AGE Maintenance). Surface water samples No. 13-01 through 13-04 were

taken from Hutchinson Creek. The crew also took soil samples at four locations at

Site 10, each at depths of 0.5 feet and 1.5 feet.

Thursday, April 17, 1986. The sampling crew took groundwater

samples from Wells 08 01 (V-57 Test Cell), 04-01 (Battery Shop), 01-01 (West

Drainage), R2-02, R2-03 and R2-04 (Photo Wastewater Treatment Plant). Three

surface water samples were taken from Site I (West Drainage) and one from the

holding pond at Site 3 (FPTA). Two soil grab samples were taken from Site 16 EOD

for compositing.
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Friday, April 18, 1986. The crew took groundwater samples from

Well 05-01 (SR-71 Shelter) and Base Production Wells 2, 3, 4, 5, 6 and 9. Field

blanks were made up for QA/QC purposes. Base personnel chose their splits from

the second sampling of Well 01-01 and Well 02-01 (Photo Wastewater Injection

Well).

D. Field Instruments

During drilling, a gas alarm (02 /explosimeter) was always on site to

ensure that the breathing zone remained at an acceptable oxygen level. The drill

hole and drill cuttings were monitored with an organic vapor meter (OVM), which

measures the presence of volatile organic contamination. Once the well was

drilled, a well sounder was used to determine the depth at which the water table

was encountered.

The Gastech Protector Model 1562 portable gas alarm is a portable

instrument for detecting combustible gas and oxygen deficiency. It can detect and

indicate combustible gas concentrations up to the lower explosive limit. If gas

concentration exceeds a preset level, it gives a characteristic audible signal. It

also analyzes for oxygen over the range of 16 to 22% and gives a different signal if

oxygen concentration drops below a preset level. It detects combustible gas by a

diffusion head containing a catalytic element. An electrochemical oxygen cell

installed in the same head with the combustible gas detector monitors the oxygen

level.

The organic vapor meter used was an Analytical Instrument

Development (AID) Model 590 OVM. The 590 is a photo-ionization instrument that

uses a high-energy, ultraviolet radiation source to ionize a small portion of the

sample introduced into the ionizing chamber. Ionization is initiated by the

adsorption of the high energy photon by a molecule of vapor in the ionization

chamber. If the molecule has an ionization potential equal to or less than the

photon energy (h v), the molecule is ionized, forming a positive ion and an electron:

R + hv =R+ + e. This ion formation occurs in an electrical field between the

collector electrode and the jet in the detector ionization chamber. Ions and
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electrons that reach the electrodes contribute to a small ionization current that is

measured with the electrometer of the instrument. The number of ions that reach

the electrodes will be proportional at any given time to the concentration of the

ionizable molecules within the detector, provided the linear range has not been

exceeded. The instrument used during the project has a 10.0 electron volt energy

level, which does not detect methane or other very light organic compounds. The

OVM was checked and zeroed at the beginning of each field day.

The Powers Electric Company Well Sounder is a 200-foot electrical

cable probe used to monitor the depth at which the top of the water table is

encountered. The end of the cable holds two electrical probes connected by one

foot of lead weights. When both probes are submerged in groundwater, an

electrical current flows between the profies, and the meter registers this current

in milliamperes.

During the groundwater sampling phase, pH and conductivity meters

were used to characterize the sample water. After sampling, a filter was used to

remove unwanted particulates from the metals samples. To measure pH, AV used

an Orion Research Model 211 Digital pH meter. This meter has a combination

electrode probe to determine the acid or basic properties of the sample water. AV

calibrated the system daily with two buffer solutions and decontaminated the probe

with deionized water after each use.

The Horizon Ecology Company Type 1840-10 Conductivity Meter

measures total ionized substances in solution. It displays conductivity from
2

0-20,000 micromhos/cm in five ranges. The temperature compensation is

automatically corrected to 200 C by a thermistor network internal to the probe,

which is a self-contained dip style with tungsten electrodes. It was

decontaminated with deionized water after each use.

The Geotech 2.4 Liter Barrel Filter is a pressure filtration unit that

filters all particles of sizes down to 0.45 microns. During filtration, the barrel is

sealed and gradually pressurized to 40 psi with nitrogen gas. Before reaching the

0.45 micron filter, the sample goes through a fiberglass prefilter to seive out any
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large particles. This instrument is washed and decontaminated with distilled water

after every use.

During the soil sampling phase, an organic vapor analyzer was used to

measure the presence of volatile organic contamination. The Foxboro Century

Model OVA-128 GC Portable is a flame ionization detector sensitive to the

presence of organic vapors delivered to it by means of diaphragm pump. It

monitors total organic vapors to parts-per-million (ppm) levels. The detector is

composed of a hydrogen delivery system, a sample delivery system, and an

electronic amplification and display system. In the survey mode, the air sample is

delivered continuously to the detector chamber. When an organic vapor is exposed

to the hydrogen flame via the air flow, the molecules ionize and a current flows

between the detector electrodes. The current is proportional to the concentration

of the vapor in the sample. Different compounds will ionize to varying extents in

the flame, thus, the meter response of the OVA for a given compound is expressed

relative to a methane standard.

Converse Consultants performed two geophysical surveys:

(1) a magnetometer survey, and (2) a ground-penetrating radar survey. The

magnetometer survey was conducted using an EG&G Geometrics G-856 proton

precession magnetometer. This instrument measures the total magnetic field at a

point by measuring the effects of the field on a proton-rich hydrocarbon fluid. It is

able to measure disturbances in the Earth's local magnetic field caused by nearby

ferrous metallic objects (e.g., pipelines, drums and powerlines).

Subcontractor Harding Lawson Associates performed the GPR survey

under the direction of Converse using a Geophysical Survey Systems, Inc.,

Model SIR-8 radar. The GPR system transmits and receives a signal through an

antenna towed along the ground surface. When the downward-traveling signal

encounters a boundary between media with different electrical properties, some of

the transmitted signal is reflected back to the surface, where it is detected by the

antenna, amplified, and printed on a graphic recorder. A radar traverse provides a

continuous graphic cross section of the electrical properties of subsurface soils

along the survey line. The depth of investigation below the ground surface is a
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function of the electrical properties of subsurface materials and the frequency of

the radar antenna. For this survey, an 80 megahertz antenna was used to achieve

maximum penetration into the landfill materials. Line control was provided by

measuring tapes placed adjacent to survey lines. The approximately 7,700 lineal

feet of GPR records obtained were evaluated in the office to locate buried objects

and to estimate the thickness of the landfill cover.

E. Quality Assurance Program

To assure the quality of the measurement data, a quality assurance/

quality control (QA/QC) program for sampling and analysis was implemented. The

objectives of this program were:

o To monitor the precision of the sampling program by comparing blind

field duplicate data with laboratory duplicate QC data.

o To monitor the integrity of the analytical data. Blind quality control

samples were used in order to eliminate the potential for laboratory

bias.

o To monitor the sampling methods for evidence of sample contamination

through the use of field blanks.

o To identify and minimize sources of error in the sampling program.

A key element of the QA/QC program was to establish routine quality

control procedures not only at the instrumental analytical methods level, but also

at the field sampling level. Sampling error can impact measurement data

significantly, especially nonhomogeneous media such as soil, while analytical errors

may account for a negligibly small portion of the total vriance.
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I. Field Sampling Quality Assurance

The field sampling program was carefully planned and executed.

The field sampling personnel followed specific procedures throughout the sampling

program to ensure consistency and minimize error. For the soil and groundwater

sampling program, the following steps were taken to assure reliability:

o Well purging: All well-purging equipment was kept scrupulously

clean, including rinsing with drinking quality water between use at

different wells.

o Decontamination: All sampling equipment (stainless steel bailer,

stainless steel bucket and funnel, pressure filtering apparatus, soil

sampler) was thoroughly and consistently decontaminated between

use at different wells.

" Sample containers: All sample bottles were cleaned to EPA

protocols by the supplier and had Teflon-lined caps. Soil sampling

rings were stainless steel, cut without oil.

" Sample preservatives: Preservatives were American Chemical

Society certified reagent grade or better. Nitric acid for metals

samples was analyzed spectral grade.

o Sample integrity: Sampling team personnel wore latex surgeon's

gloves during sampling.

" Field duplicates: Ten percent of the samples were split in the

field and submitted as blind duplicate quality control samples to

monitor overall precision.

o Field blanks: For the groundwater sampling program, one blind

field blank was submitted to the laboratory per sampling round. It

was prepared with purified, pre-analyzed water. The blank water

111-38



was transferred to the stainless steel sampling bailer, which was

rinsed twice, then sampled for (VOCs). The bucket was then filled

using the bailer to sample for the remaining parameters. Samples

requiring metals analysis were filtered through a 0.45 pJm

membrane and prefilter with the pressure filtration apparatus.

Blank samples were preserved in the same manner as groundwater

samples.

o Field Measurements: Conductivity and pH meters were calibrated

at least once daily. Calibrations were checked periodically during

the course of the sampling day with Standards traceable to the

National Bureau of Standards (NBS), and instruments recalibrated

if necessary. Groundwater temperature was measured with NBS

specification thermometers, accurate to 0.1 0 C.

o Field Observations: Thorough observations of each sampled well

and soil boring were entered in a field logbook for later

comparison with laboratory results.

0 Sample storage and shipping: Samples were placed on ice in

insulated coolers immediately after collection and were kept at

approximately 4°C during shipment.

o Chain-of-custody: Sample custody was maintained by the

sampling team until shipment. Chain-of-custody forms
documenting sample identification, date sampled, analyses

required, sampling team members' names, signatures and shipping

time and date were included in each sample shipment.

Transported coolers were securely taped closed with strapping

tape for shipment.
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2. Laboratory Quality Assurance

The Acurex laboratory maintains an overall Quality Assurance

Plan, which is included as Appendix F, as well as method-specific quality control

procedures. In April 1986, an AeroVironment audit team conducted a system audit

of the Acurex laboratory in Mountain View, California. The goals of the audit

were:

o To evaluate the laboratory's methods and procedures relating to

the analysis of Air Force IRP samples to ensure resulting data

were true and valid.

" To identify areas that could be improved and to recommend

measures to improve the quality of data for IRP samples.

o To maintain and improve the exchange of information and ideas

between Acurex and AeroVironment to assure a better product to

the Air Force.

F. RELIABILITY OF SAMPLING

The field sampling program at Beale AFB included many procedures to

assure that the resulting analytical data were valid. These procedures are

described below.

1. Soil Sampling Reliability

Soil and sediment samples were collected using stainless steel

cylinders, or "rings," measuring 2.5 inches in diameter and 6 inches in length. The

rings were used as inserts for both the drill's split-spoon sampler and the hand-

auger sampler. This method of soil sampling minimizes cross-contamination,

sample mishandling and loss of volatile compounds.
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Procedurally, the integrity of the soil samples was assured by

several factors:

o Most of the sample rings used were new. Before use, they were

wiped with lint-free tissue. Reused rings were washed with

laboratory-grade detergent and rinsed thoroughly with hot

drinking-quality water before reuse.

o Sample ends were covered with aluminum foil, then capped with

plastic caps to prevent intrusion of organics into or adsorption of

organics out of the sample.

" After sealing, logging and labeling, samples were immediately

placed on ice insulated coolers. The laboratory received them

within 16 hours of shipment.

o Between samples, the sampler was thoroughly decontaminated.

o Soil composites were sent to the laboratory as discrete samples

and were not composited in the field. The laboratory composited

the samples under controlled conditions to minimize the loss of

VOCs or contamination of the sample.

o At the laboratory, the analyst removed and discarded

approximately one inch of the soil from each end of the sample

ring prior to subsampling for analysis. This practice ensures that

if samples were not sealed properly, only the unaffected portion

of the sample is analyzed.

2. Groundwater and Surface Water Sampling Reliability

In groundwater sampling for sensitive analytical parameters such

as VOCs and heavy metals, it is important that the methodology not alter the
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composition of the sample chemically or physically. The following factors impact

sample integrity:

" The adsorption of materials from or the leaching of

materials into the sample by the sampling equipment.

" A change in the pH state or the reduction or oxidation

potential of the sample, which could precipitate dissolved

minerals.

" Degassing of VOCs from the sample as a result of aeration

or pressure drops.

The stainless steel and Teflon construction of the sample bailer and transfer bucket

minimizes the potential for adsorption of organics and for the introduction of

contaminants into the sample. All sampling personnel coming into contact with the

sample wore disposable latex gloves to prevent direct sample contact. Preparation

of the bailer, bucket and funnel included rinsing them with two bailer volumes of

water from the well prior to sample collection.

Several wells were sampled for heavy metals. To minimize

oxidation and precipitation, the sample was handled gently to avoid aerating the

sample by splashing. Purified nitrogen was used during filtration to prevent

oxidation. Samples were filtered directly into high-density polyethylene bottles

and immediately acidified.

The potential for degassing volatile organics during liquid sample

collection with a bailer can be relatively high. To minimize this potential, the

bailer was lowered into the well gently to prevent agitation, and VOC samples were

taken from the first bailer by gently pouring them into 40-ml vials.

Surface water samples were collected by immersing sample

bottles approximately 6 inches below the surface of the water to be sampled. This

eliminated intermediate sample vessels and sample transfers. Because heavy metal
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transport in surface water occurs by adsorption of contaminants onto suspended

particulates, samples to be analyzed for metals were not filtered.

3. Field Quality Assurance Data

Overall, the quality of the field data package is good based on

precision and accuracy of QA analyses. Field blanks for water samples and

duplicates of water and soil samples were prepared by the sampling team in the

field, then submitted blind to the laboratory. The selection of groundwater and

surface water duplicates for the first sampling round was based upon suspected

contamination and field observation, at a rate of 10% of the total number of

samples collected. For the second round, field duplicates were selected to include

samples known to be contaminated, based upon the first round results, in order to

evaluate precision at levels above the level of quantification, which is typically

five to ten times the detection limit.

Field soil boring duplicates were not "true" replicates; they were

taken directly above the corresponding sample in the sampling barrel. Since soil

contamination is often distributed unevenly throughout the soil, the results should

not be expected to be identical. Hand auger duplicates were taken side-by-side

within a few inches of each other.

Table 111-4 gives the field quality control data compiled during the

Beale AFB field program. These data are discussed below.

a. Volatile Organic Compounds, EPA Methods 601/602

Most of the "601/602" paired field duplicate results are less than

ten times the method detection limit; at these levels, the precision is not as good

as at higher concentrations. The precision, expressed as relative percent

difference (RPD), is calculated using the following equation:
x - X

X I + X 2
2

where X and X 2 are paired duplicate values.
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Precision for VOCs was difficult to assess because of the limited

QA/QC data for samples having VOC concentrations above the Level of

Quantification (LOQ). A field duplicate of groundwater sample 13-02-G2 showed

good correlation for TCE with an RPD of 3.5%, a sample significantly above the

LOQ for TCE. RPDs for ethylbenzene and toluene in soil and water split samples

ranges froom i9%-46% for levels above the LOQ. This precision is acceptable,

though insufficient data is available to assess the precision for all analyses

accurately.

Certain compounds detected in the groundwater and soil samples

are normal laboratory background contaminants, including methylene chloride and

ethylbenzene. Precision for these compounds is poor for field duplicates (up to

133% RPD for methylene chloride); this lack of reproducibility is not attributable

to sampling error.

Laboratory precision based upon laboratory duplicates is

comparable to field duplicates. Again, the duplicate data is inconclusive due to the

low levels of analytes in the samples.

The water sample field blanks analyzed by EPA Methods 601 and

602 indicate no significant levels of sample contamination. Comparison of field

and laboratory blanks shows more contaminants in the field blanks than in the

laboratory blanks. Aside from methylene chloride, which is ubiquitous in the

laboratory, chloroform, 1,1,1-trichloroethane and trichloroethylene were present

at low levels in both the field and laboratory blanks. Levels detected in blanks are

well below the LOQ, i.e., the level considered significant. Based upon this

comparison of field and laboratory blank data, no significant field-induced VOC

contamination has occurred.

Samples collected from several monitoring wells during the first

round of groundwater sampling had elevated concentrations of toluene -- up to

16 ig/l. Concentrations did not appear in samples from the second round. Field

documentation indicates all wells with elevated toluene levels had been evacuated

by pumping, while the remainder of the wells were evacuated by hand bailing. The
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source of contamination was identified as the electrical tape securing the pump's

power cord to the PVC discharge pipe. The tape never came into direct contact

with the groundwater; however, water from the discharge pipe may have run down

the length of the pipe when the pump was removed from the well, causing

contamination. The field sampling team had prepared a sample with a two-inch

section of the electrical tape and ptiritled water in a VOC via! to determire

whether the tape would, under worst-case conditions, affect the sample. No

Method 601 compounds were detected, but a high level of toluene was found. The

use of electrical ta. was discontinued for the second round of sampling, and

toluene was not detected in any further samples.

b. Oil & Grease (O&G), Petroleum HC

Most of the soil oil & grease (O&G) duplicates were below the

limit of detection. However, duplicate pairs with O&G levels above detection

showed inconsistent precision, ranging from 0.0% RPD to 16496 RPD. The extreme

paired values were 4000 Vg/g and 400 Vg/g. Reanalysis by the laboratory yielded

similar results. This disparity is most likely due to the inhomogeneity of the

contamination in the soil. Laboratory soil O&G duplicates showed better precision,
which is to be expected as the duplicate is taken from the same sample container.

Overall, the field QA/QC duplicates confirmed the presence of O&G

contamination.

Water O&G duplicates also showed some variation: precision

ranged from 5% to 173% RPD. Laboratory duplicate data was limited; the entire

contents of a one-liter sample bottle were used in the analysis. However, the

single laboratory duplicate had an RPD of 139%, indicating the variance may be

laboratory and/or sampling error. Most of the samples had very low levels of O&G,

thus the significance of the variation is considered to be minimal. Field water

blank samples showed detectable levels of O&G, to a maximum of 3.6 mg/I for the

first sampling round. This level is higher than many of the reported sample values

and may indicate field-induced contamination. Laboratory blank samples reported

detectable levels of O&G, but at much lower concentrations.
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c. Total Phenolics

Field QA/QC data indicate that the total phenolics results are of

poor quality. Precision ranges from 4396 to 133% RPD. Even at relatively high

conta,,inatlion, such as the pdired results 80 ugii and 30ug/I for samples

BP-09-GI, the data are not reproducible. Field water blank samples and reported

total phenolics values of 17 hjg/I and 9 jig/l for the two sampling rounds indicate

sample contamination. Given the inconsistency of the total phenolics data from

the water samples, concentrations were not considered significant unless the

values were above 20 pg/l for both rounds of groundwater and surface water

samples. Field duplicate results for soil were below detection, therefore precision

could not be determined. However, no soil samples showed significantly elevated

levels of total phenolics.

d. Metals

Limited field duplicate data above the LOQ were available for

metals. Precision was relatively good for lead and chromium and slightly poorer

for barium, though none of the concentrations were significantly elevated above

environmental background. Field blanks showed no sample contamination.

e. Pesticide/Herbicides (SM 509 A&B)

Lindane was detected in two of the field master duplicate

samples, with acceptable reproducibility for the low levels found. No other

detectable levels of pesticides or herbicides were found in the field duplicates or

blanks.

f. Base/Neutrals and Acid Extractables (EPA 625)

Bis (2-ethylhexyl) penthalate was detected in most of the soil and

water samples at levels below normal laboratory background. Phenol was detected

in the first round groundwater field blank at 4 hjg/I, which is significant since the

DOHS action level for phenol is I iVg/l. Phenol was detected in several wells, but
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the results are not conclusive due to the analytical method's high method detection

limit (2 tig/l) and the blank contamination. Further sampling and analysis is

recommended, using an analytical method more sensitive to phenol (e.g., EPA 608).

g. PCBs

No PCBs were detected in the field soil duplicate samples. A

laboratory duplicate of a PCB-contaminated sample from Site 14 had paired results

of 5.3 and 7.4 VJg/g, showing good reproducibility.

5. Summary

Due to the limited amount of field duplicate data for samples
having elevated levels of analytes, field precision was difficult to determine for

many parameters. However, results for total phenolics (EPA 420.1), oil & grease

(413.2) and phenol (EPA 625) in field duplicates or field blanks indicated that the

sample results for those parameters should not be interpreted as accurate

quantifications, but as indicators to identify the presence of these compounds.

Otherwise, the data package was satisfactory in qualifying and quantifying the

analytes of interest for this investigation.
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IV. DISCUSSION OF RESULTS AND SIGNIFICANCE OF FINDINGS

A. Discussion of Results

Beale AFB is on the eastern edge of the Sacramento Valley. The

terrain ranges from relatively flat floodplains in the west to the foothills of the

Sierra Nevada Mountains in the east. The formations encountered during the

drilling program were deposited as outwash from streams that originated in the

mountains to the east. They dip gently toward the center of the valley to the west.

Three cross-sections have been generated from the drilling data

to illustrate the stratigraphy found beneath the base. FigureIV-l shows the

locations of the three sections drawn for Beale AFB. Figures IV-2, 3, and 4 are the

cross-sections themselves, which were drawn using information from the well logs

included in Appendix E.

The Victor Formation (mapped as Qv on the geologic cross-

sections) is uppermost. It is unconsolidated conglomerate with variable amounts of

clays, silts, sands, and gravels. Generally, it is found as silty sands and gravels

with occasional clay or gravelly clay zones. The Victor Formation was found in

the northwest area of the base near the flightline. It appears to pinch out south of

the runway and was not found in well borings near Landfill No. I in the southwest

corner of the base. The formation thickens to the west and has been mapped over

large areas to the west and southwest of the base (USGS, 1980). In many areas, it

is known to develop a hardpan two to three feet below the surface. This hardpan

layer, if it has not been breached by trenching, inhibits infiltration from the

surface.

The Laguna Formation (Qtl) is found directly below the Victor

Formation and may be up to 12 feet thick. Where the Victor is absent, the Laguna

is the uppermost formation encountered. The Laguna is a heterogeneous mixture

of interbedded sands, clays, clayey sands and gravels. The matrix material is clay
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to sand with occasional cementation; gravel is generally in small stringers. An

exception to the general rule is found near Site 15 (Landfill No. 3), which is near

the eastern edge of the Laguna Formation. There, a thick gravel sequence known

as the Arroyo Seco Gravels is included near the top of the Laguna. It consists of

pebble- to cobble-size gravel with medium to very coarse sand. Occasional zones

of cemented sands are found with the gravels.

Beneath the Laguna Formation lies the Laguna-Mehrten

Transition Zone (Ptm), which has been mapped as either the top of the \lehrten or

the bottom of the Laguna. It is a very coarse sand to gravel section with !ittle or

no siJt and may be up to 40 feet thick. The transition zone was found in all of our

well borings in the south of the base and in many of the flightlir:e area wells. It

was not found in any of the fire training area (Site 3) wells or at the 3-57 Test Cell

(Site 8); at these sites the Laguna Formation sits directly on the %lehrter.

The Mehrten Formation (Pv), lies below either the transition zone

or the Laguna Formation, depending on the site. It is characterized by- dark

volcanic angular gravels, sands, rnudflows and clays. The uppermost unit is a cias

derived from weathered tolcanic fragments. Remnant structures are preserred in

the clay, giving it a mottled appearance. This clay unit is at least 40 feet thick, as

was determined by sinking Well 03-01 that far into the clay before drilling was

ended. The \iehrten Formation is highly permeable .n some areas and >Ields large

quantities of water to deep wells.

2. Groundwater

During the field program, 20 groundwater monitoring Aei:s kere

installed. These were screened in the first water-bearing zone encountered (water

table aquifer). The water table is generally, found in either the Laguna Forrnation

or in the Laguna-Mehrten transition zone on base, but the Victor Foriation is also

an important source of water in areas to the west of the base. fter all the welks

were completed, measuring points were sur eved to an a cura(c' of _j.I feet

above mean sea level (MSL) by a California-licensed land surwesor. Lateral

location was determined to an accuracy of +1 foot. This nforrtation i. dre,,ented

in Table IV-1.
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TABLE IV-I

Monitoring Well Locations

)Elevation(2)

Drill Hole No. Northing() Easting(l) ( t

A ell 1-01 537,688.16 2,158,368.49 93.77

Well 2-01 517,646.23 2,161.485.47 87.88

Aell 3-01 532,840.06 2, 165,054.20 1 14.17

Vell 3-02 532,487.77 2 165,062.33 108.45

Aell 3-03 532,240.78 2. 164 ,323.61 102.35

AeIl 3-04 532,467. 15 2. 164,281.03 106.65

• ,ell 3-05 532,750.86 2 164,081.18 105.48

1,ell 4-01 540,292.25 2, 161 , 67.39 '18.25

\ 'ell 5-01 538,957.53 2, 160.656.55 0J8.38

Aell 6-r,1 52 ,695 .53 2. 171,141.19 10C.63

A ell 6-02 520.912.76 2 17rs',9.96 99.46
',ell l -01 53,,59.38 2 ,16,629.44 155.'09

A eil 10-01 539,825.67 2, 164,943.j9 j4r.46

Aeil , 1 -5 541,639.68 2 '61.288 --j :24.89

14ell 13-S1 518,694.57 2, 162,556.24 9! .46

\ ell 13-2 513,446.25 2 162,7218.65 9,.,3

A ell 1 5-01l 522,541.45 279.0,46.90, - !04 9

'ell '5-r2 522,545. 13 2 35 5.49

A ell 1 5-03 5211,816.66 2.175.839.3, 36. 30

4 eil 1 5-J4 52.1,265.r7 2 . 6 .i .02 :.1

( 3ased on California state plane ,oordinate ,ster ' . one . Northing imrI Fast,r g
I, i jes g ie the position of a point ,n this swstem,.

(2)Eie.ation of measuring point in foet aboqe -f eari sea ieil.

%ote: These ,ells are tied to Beale NFR existing . ,ntr il ;o.rtls) provided
",.l Engineering, ,thout an, .tte rpt to ieri&, the ontrol p Sont. Srde, i
performed b', %Ir. \11 iar Duora an f S i> r t . \ ada. a i Ior,- I L 

,  
\.

5 384.



Once the measuring points were established, accurate static

water levels were measured in April 1986 and a groundwater contour map of the

water table was generated (see Table IV-2 and Figure IV-5). Flow in the water

table aquifer is controlled regionally by a large pumping depression south and west

of the base. Locally, it is affected by the change in topography where hilly upland

areas change into floodplains, as is found in the fire training area and where

Hutchinson Creek drains the foothills. Water levels were measured again in

October 1986 to provide data on groundwater levels and flow near the end of the

dry season. The October water levels have been plotted as a contour map and are

"hown in Figure IV-6.

\leasuring points for the wells were defined as the top of the

protectiie outside casing, at the hinge for above ground completions, and the metal

r,,n of the christie box for flush-mount completions. Figure Ill-I shows these

mn easuring points.

3. Geophsical Data

Site 13 (Landfill No. I) was iniestigated using magnetometer and

'r-i '-Cn etrA'tng-ra ,,ar techniques. This surley showed that at one point the fill

:.jtoral ,xte l to within 50 feet to Hutc-hinson Creek, which was closer than

,pe !, . It also lentifed areas xhere rnetall .c objects are buried; wever, none

Sft t,, , r, ori,-ered sig,ificant because of typical landfill metal content.

S01. Sampling Result,

The results of the analses performed on soil samples indicate

;,it 0, O. _jut aJfci t or hAs m, irred .A t ,e erti sites. This section presents results

Sr the froalis , of ! boring. biottoin sediment, hand-auger and grab samples.

A ter r'sj ts jrf- 1 is issed separatl l in the next sec tic1.

In leter,n inng the sigrnifi-a rice of the analytical results,

)t, gr ,c , 11 , 4 . ,' est )bl ,hed for each anal ti:al parameter. These levels

TP'e jt',1 Ir ,f i)U:~hr r, to Jliff rentiate bet ween acttual ezidence of

IV-l I
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contamination and insignificant values. Background levels were established based

upon one or more of the following factors:

- Method detection limits (MDL) and levels of quantification (LOQ).

- Laboratory background levels observed in method blank samples.

- A memo dated February 1985 from T. Thomas of OEHL at Brooks

AFB listing background levels of oil and grease, TOC, phenolics,

lead, VOCs, vinyl chloride, total organic halogens (TOX), and

organochlorine pesticides for Air Force installations, based upon

OEHL's experience.

- Naturally occurring background levels which were observed

normally distributed throughout the entire sample set.

The established background levels are listed below by parameter:

- Oil & Grease (O&G) - Levels greater than the 100 jig/g method

detection limit (MDL) were considered above background.

- Lead - Levels greater than 40 lg/g were considered above

background.

- Other Metals - Levels of arsenic (As), barium (Ba), cadmium (Cd),
chromium (Cr), lead (Pb), mercury (Hg), selenium (Se), and silver

(Ag) were evaluated in accordance with the methods of the

California Regional Water Qua'ity Control Board, Central Valley

Region, as expressed in "Waste Classification and Cleanup Level

Determination" (November 12, 1985), pg. 69.

- Volatile Organic Compounds (VOC) - Methylene chloride, a

comnmon laboratory contaminant, was detected in almost all soil

'Uarnples analyzed for EPA 601 compounds. Ethylbenzene was a

IV-1 7



periodic laboratory contaminant in the EPA 602 analysis. These

contaminants were identified by their presence in method blank

samples. Therefore, elevated levels of these two chemicals were

not considered significant (ethylbenzene, a gasoline component,

was considered significant when reported in conjunction with

elevated levels of other volatile aromatics). Other volatile

organics detected at levels greater than I iig/g were considered

above background.

Phenolics - Levels greater than 25 Ipg/g were considered above

background.

Pesticides - Levels greater than I lig/g were considered above

background.

The significance of findings is also impacted by regulatory

guidelines for "acceptable" levels of contamination. For domestic water supplies,

including groundwater, the California Department of Health Services (DOHS)

establishes action levels for specific organic and inorganic compounds of concern.

Drinking water standards are also established at the federal level by the

Environmental Protection Agency (EPA) as recommended maximum contaminant

levels (RMCLs). The RMCLs were adopted for use in California by DOHS.

There are fewer clear-cut standards, however, for soil

contamination. The DOHS regulations for classifying wastes as "hazardous" and
"restricted hazardous" apply only to heavily contaminated soils which would meet

hazard criteria in four areas: toxicity, ignitability, reactivity and corrosivity. The

toxicity criteria establish soluble threshold lim~t values (STLCs) and total threshold
limit values (TTLCs) for hazardous wastes which are presented in Table IV-3. In

further discussions, whenever possible, soil sample r-sults from Beale will be

compared with STLCs and TTLCs.

Levels of contamination that do not meet the DOHS definition of

a hazardous waste, but that still pose a potential threat to water quality define a

IV-18



TABLE IV-3. Soil comparison criteria.

STLC and TTLC Standards for
Inorganic Constituents of Hazardous Waste

STLC TTLC
(MG/L IN (WET WEIGHT

SUBSTANCE EXTRACT) MG/KG WASTE)

ANTIMONY AND/OR ANTIMONY COMPOUNDS 15 500

ARSENIC AND/OR ARSENIC COMPOUNDS 5.0 500

ASBESTOS 1.0 %

BARIUM AND/OR BARIUM COMPOUNDS

(EXCLUDING BARITE) 100 10,000

BERYLLIUM AND/OR BERYLLIUM COMPOUNDS 0.75 75

CADMIUM AND/OR CADMIUM CONPOUNDS 1.0 100

CHROMIUM (VI) COMPOUNDS 5 500

CHROMIUM AND/OR CHROMIUM (Il1) COMPOUNDS 560 2,500

COBALT AND/OR COBALT COMPOUNDS 80 8,000

COPPER AND/OR COPPER COMPOUNDS 25 2.500

FLUORIDE SALTS 180 18,000

LEAD AND/OR LEAD COMPOUNDS (INORGANIC) 5.0 1,000

MERCURY AND/OR MERCURY COMPOUNDS 0.2 20

MOLYBDENUM AND/OR MOLYBDENUM COMPOUNDS 350 3,500

NICKEL AND/OR NICKEL COMPOUNDS 20 2,000

SELENIUM AND/OR SELENIUM COMPOUNDS 1.0 100

SILVER AND/OR SILVER COMPOUNDS 5 500

THALLIUM AND/OR THALLIUM COMPOUNDS 7.0 700

VANADIUM AND/OR VANADIUM COMPOUNDS 24 2,400

ZINC AND/OR ZINC COMPOUNDS 50 5,000
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TABLE IV-3. (con't)

STLC and TTLC Standards for
Organic Constituents of Hazardous Waste

STLC TTLC
(MG/L IN (WET WEIGHT

SUBSTANCE EXTRACT) MG/KG WASTE)

ALDRIN 0.14 1.4

CHLORDANE 0.25 2.5

DDT, DDE, DDD 0.1 1.0

2,4-DICHLOROPHENOXYACETIC ACID 10 100

DIELDRIN 0.8 8.0

DIOXIN (2,3,7,8-TCDD) 0.001 0.01

ENDRIN 0.02 0.2

HEPTACHLOR 0.47 4.7

KEPONE 2.1 21

LEAD COMPOUNDS, ORGANIC - - 13

LINDANE 0.4 4.0

METHOXYCHLOR 10 100

MIREX 2.1 21

PENTACHLOROPHENOL 1.7 17

POLYCHLORINATED BIPHENYLS (PCBs) 5.0 50

TOXAPHENE 0.5 5

TRICHLOROETHYLENE 204 2040

2,4,5-TRICMLOROPHENOXYPROPIONIC ACID 1.0 10

IV -20



"designated" waste under regulations established by the Regional \Aater Qualt

Control Board System (RWQCB) (CAC Title 23, Subchapter 15). The R'A'QCR set,

clean-up goals on a site-specific basis, taking into account the nature of th e

contaminant, its degree of attenuation in the soil, and the biological receptor' that

may be impacted by migration of the contamination into ground or surface earrs.

Most of the results of soil analysis at Reale NFB do not fal ri*,,,

the category of hazardous waste, and therefore would require a site-spe, ,fi,

evaluation using the R ,'QCBs designated level criteria to set standards. ,. t .

parameters such as oil and greas,- and total phenols have no existing rt ,

standards for comparison and %-ill be discussed on the basis of their r<at. ,

magnitude in the soil.

The site-bs-site disc ussion of the soil sa'r! -I(- ,..

focuses on the interpretation of the data and 'cakes no tter ;t to 'f " '

magnitude or ign fi ance of enirontrental -ontaf,'inatior ba,,ec: , Z

-round ater and surface water results are :)reserte , sc : rt" tt",i"ite

tre s, te-b -site fis-tsson of oc re'w :l.

., t. rls. r A , .'' ros-refere',i " v the ItA, t- "If, ' V ' , ° 2' •
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ro ~ Bor.ng 'O2-' 1, the first boring at Site No. 2. The third part of

:),,:c h' 5r hwsthe type of sample (s soil boring, h =hand auger,

'('o -&dimcnt' " -- ;r-ib) and the order in which samples were collected fromn

-Aencc. Sample No. 2- 1-SI is the first soil boring sample collected from

11-1 ~a721.n!lOations are labeled with the first two parts rif the AV

~cr * f.gures presented in the site-by-site discussions. The sample

0"1' tcmn !i,,cussed further in -\ppendix D.

.:c -- \Aest Drainage

No > i aples taken.

\ 2- njection Aell No. 2

TP-c ,oi sampling program at Site 2, the photo wastewater

* -~- -. ~cdfo)ur soil borings, each sampled at 1.5-foot, 6.5-foot,

i-t- dpths (see Figure IV-7). Boring 02-0 1, the background

.o:ted along the access road leading into the site and

* - ~ ~vo aste lIne and the injection wellheads. Boring 02-02

Sr-, ,iject~on \hell. Boring 02-03 was located approximately

I ,)v- t ,a vle at the end of the pipeline. Boring 02-04 was

c."fet ,,)utheast of the southern injection wellhead at

,i*ted o define the presence and extent of contamination

-* Scpr'icti of periodically purging the waste lines and

ke~~l' filters. Samples fromn the 1.5-foot and 1 1.5-foot depths

Steorgans, CO&G, and base/neutral's and acid extractables

i.onn the form of elevated O&G and pentachloro-

Bor~ng 'i2- at a depth of 16.5 feet, but no evidence

o r)d in n, of thc shallower samples. Pentachlorophenol

, :o A'.ut-ater as a bactericide until February 1986. Since

x<. ole at Site 2 fromn which a 16.5-foot sample was

IV -22



lnlection Wo-1

B oring 02 -03F igure IV - 7
B3oring 02-14 Soil Sampling i cations

well 2-01 was drifted Site 2
and installed in hole 02-04. Photo Wyaste Injection Well

Beale Air Force Base
I"le :' 120'

Note: See Figure 1-3 for general location of this site. O Ar~rnetIc
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t I

" a . ere ol, ,t 1 1 1romvb the well drilling operitions

't g, f)r ai r , tdr. dr 11ing were total I y aerated and mixed.

\ Ai )r, Ia I ' .,,e ') if th e,., soi s wo Il ha ie been ;na pproJpr ate.

sit,. - Fire Prote-tion Training reas I & 2 (FPTA Nos. I & 2)

-% totaI of ei ght soil borings were drilled at Site 3 (see

F:gure IV-3). Bor~ng '3-01, a background reference boring, was located north of

FPT \ No. 2 rn an area free of c:ontamination, based on records showing that no fire

training acti ity o:curred there. Boring 03-02 was located downgradient of the

two underground storage tanks. Borings 03-03 and 03-04, located east of FPTA

No. 2, were sited in an area suspected to be the old FPTA No. I, based upon air

photos included in the Phase I report. Boring 03-05 was located as close as possible

to the underground storage tanks to detect any tank leakage. Borings 03-06, 07

and 0S were located inside the airplane mock-up area at FPTA No. 2.

Other soil sampling at Site 3 included six hand-auger samples

from three locations along the 27th Street drainage ditch, which receives runoff

from the entire FPTA area, and two surface sediment samples from the runoff

pond located south of FPTA No. 2. Table IV-5 shows the soil sampling results for

this site.

Soil Boring 03-02 was located approximately 50 feet west of the

underground storage tanks. Oil and grease (O&G) and petroleum hydrocarbon (Pet

HC) levels were above background in the 1.5-foot sample from this boring. The

original hole was terminated at 4 feet due to an obstruction and moved 6 feet to

the west. Strong hydrocarbon odors were noticed while drilling the original hole,

but were not observed for the second boring, which showed no evidence of

contamination to a final depth of 11.5 feet. Because the original hole was located

closer to the underground tanks than the second hole, the decision was made to

drill a third hole, Boring 03-05, close to the tanks to check suspected leakage.
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t .')0* 1 ' '1 t f k I ii r ,,acn ') r ii .n ra 1 1 t i r~, v $ e - 1 1'

'at~~~~ hfr tr~t I% Siia ~ ' I gn - Ia~ faapl~ I~i 'i i I tl I Il& t

itat t hr o -i ie j t I I feef.t 0 '1 aw g A . %d u t I~*

I Ifpt h )I f). 5 ft A vrev , 'o,,t I f r e ofI * riIai11n at I (I I Iight! eI at e

ofr. er rat on s of to en i uV) r ti fth~ lher) ,ne A cre f Iound a t 11,. 1 f -e t in

3ot i g C 3-07).

Chlorinated tiolatile organic (:oinpounds were detected at

significant levels in the 1.5-foot sample from Boring 53-07. This is the only

occurrence of this class of contaminants at Site 3. Miethylene chloride was

reported at 3.7 i'g/g in the same sam pie, but i,, thought to be laboratory background

error, magnified by a dilution factor of 100. Laboratory-induced methylene

chloride was reported for most of the soil samples collected as part of this field

program, but at much lower levels (typically 0.003 ipg/l) than those reported for the

1.5-foot sample f rom Boring 7. Trichloroethene (TCE) and trans-

1,2-dichioroethene (DCE) were also found in this sample at 2.5 and 1.1 vig/g. This

sample also shows the only elevated level of lead found in the soil at Site 3. Lead
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i I T 1' 0 i t n * i t t

rr i 1. 'rpi e I ~i..er1 the ixrie ter At the 'I I f irt f A

I \ . ' .itc 'r, Iir , r n it airitai niftlj tio i. ;6 -, 'r'

k.1 ' t", t " t' t ipirt. tr, 1 '1 - to .S- oot ,epths, it thiv' rior i ''

i,' ;r 1,l ,g'tl ,' 4-t'd , i the other. Lead Aas l(t f tel .X) /.

'A I~rt 1 i ,'i' -crif'n i 2' ajfrn .n/7 , ')kit 'Iot 'A sigiilrr rant !(- Ve5.

Nt' - l - Iott-rs Shop Dr-- A ellI

Sot' ,xnples A ere originallI planned at the Battery Shop Dr,. ei

',t Aore iiot lei tei!. Soil ,amplk-s from the Aell drilling would not haie been

tdpropratc for VOC.i tc"tng so no attempt was rTIdde to collect them. The planned

,,oil )oririg riot o nd icted for the following reasons:

The boring was attempted once at a secondary location, but

soil conditions under the concrete pad were found to be very

hard. Not only was it difficult to advance the augers, but

soil collection with the split spoon would have been nearly

impossible. The drilling was stopped at 5 feet.

The dry well was at least 20 feet deep. Collecting soil

samples 30 feet away, from 15-feet to 30-feet depths,

would not provide data useful in evaluating the site. The

groundwater monitoring well hole had already shown no

visual evidence of unusual conditions until the 50-foot level.

Staining was identified, but did not appear to indicate
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SeroIUS onta11 Ination. I e field l ea l de(ided thl t trie

gr iind w ater am p Ing ould pro i de the ne essar

.nforrtatiot Ifor this sit' .

,, Site S -- SR-71 Shelters

Soil , ontareination at Site 5 is mostly concentrated at the north

,,nd f the graiel ,rea between the SR-71 shelter apron and the flightline taxiway.

F,-e sample borings and one background boring %ere completed at the site (see

F"gure IV-9). Boring 05-01, the background boring, was located near the taxiway

and ipdrainage (south) trom the rest of the borings. The location is also on the

opposite ,ide of the drainage from the shelter apron. A fence runs almost exactly

ailong the lowest point of the drainage swale created between the taxiway and the

'sR-71 apron. Surface drainage from the apron generally flows east to the swale

and then north along it to a storm sewer. Borings 05-01 through 05-06 were spaced

along the fence in a line of approximately 600 feet. Borings were advanced to

lt,.5 feet, except Boring 05-05, which had a final sampling depth of 11.5 feet.

Samples from 1.5 feet, 6.5 feet and 16.5 feet were analyzed for volatile organics,

O&CG and total phenolics. Table IV-6 shows the analytical results for these

samples.

Analytical results from Borings 05-01, 02 and 03 showed no

evidence of contamination. However, high organic vapor readings were taken in

the field at Boring 05-03. Also, a blind field duplicate of the 16.5-foot sample

from Boring 05-03 had an O&G value of 400 1ig/g, while the original sample was

reported below the method detection limit for O&G (100 1g/g). While this

difference is not considered significant (400 lig/g is less than five times the

detection limit, which is considered the level of quantification), it may indicate

slight hydrocarbon contamination, taking into account the high organic vapor

reading.

Borings 05-04 and 05-05 had slightly elevated O&G levels.

Samples from 6.5 and 11.5 feet at Boring 05-06 were contaminated with volatile

aromatics, primarily benzene, with O&G up to 4000 Ijg/g at 6.5 feet. However, due
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° •e SR . '- 1 ' " .e nr.'. t.. is htt i -

(part c ia ... ! !on the northern portion It tw i )ron av) . : w t

easjre,lent .

o Site 6 -- Landfill No. 2

No soil samples taken.

o Site 7 -- Biological Production

Surface soil at Site 7, the Biological Production Site, was sampled

to identify potential contamination from the past burial of incinerator residue.

The sampling was conducted in a loose grid pattern that included a large area

adjacent to the gun club north of the railroad tracks and an area just south of the

tracks (see Figure IV-l0). Sixteen samples were collected from a depth of 0 to

.5 feet. At the laboratory, four groups of four samples (related by vicinity) were

composited and analyzed for VOCs and heavy metals. Table IV-7 shows the soil

sampling results for Site 7.

The composite sample from an area south of the pheasant pens

and north of the railroad tracks contained 12 1g/g silver, which is slightly elevated

above background (approximately 4 iig/g) though not significantly so. Previous

analyses of the residue indicate the level of silver present in the residue to be

about 2 ppm (i'g/g) (Engineering Science, 1984). No othez contaminants were found

above background levels.
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o Site 8 -- J-57 Test Cell

At Site 8, the J-57 Test Cell, samples were collected at 0 to

.5 feet and I to 1.5 feet from three hand-auger borings located in the drainage

-hannel at the edge of the paved area (see Figure IV-l ). Samples were not

collected from I to 1.5 feet at locations 08-02 and 08-04 because of the presence

of cobbles in the channel. Four or five attempts were made at each location, but

the samnplers could not find sufficient soil to drive the sampling tool. The

updrainage sampling location (Hand Auger 08-01) showed elevated O&G (700 P.g/g)

and petroleum hydrocarbons (1400 1g/g) in the deep sample, but no detectable

VOCs. Oily stains were observed at this location. Table IV-8 gives the analytical

results. No further evidence of contamination was found at Site 8.

o Site 9 -- Entomology Building 2560

Three soil borings were completed at Site 9 to identify possible

contamination from pesticide mixing and cleanup activities routinely conducted in

a small gravel, diked area adjacent to Building 2560 (see Figure IV-12).

Boring 09-01, the background boring, was located southwest and updrainage from

the mixing basin. Boring 09-03 was located approximately 25 feet down slope from

the basin to identify potential runoff contamination. Boring 09-03 was sited inside

the diked area, and drilled to a final depth of only 6.5 feet, due to difficult

conditions. Borings 09-01 and 09-02 were completed to approximately 12 feet.

Table IV-9 presents the analytical results from Site 9. The

samples collected from Boring 09-03 in the mixing basin contained low levels of

Chlordane. It was detected at 0.9 pg/g in the 1.5-foot sample, which is at the level

of quantification (LOQ) for the analyte and is therefore considered significant

(LOQ is considered to be five to ten times the method detection limit, which is

0.08 wig/g for Chlordane). The concentration dropped to 0.1 1ag/g in the 6.5-foot

sample from that boring. The DOHS TTLC value for Chlordane is 2.5 lUg/g. No

other evidence of contamination was found at Site 9.
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--- 7r0th Street

Parking Lot

Scale: 1" 120'
Building 2560 Note: See Figure 1-3 for

general location of this site.

I' N.r

EmergEnlargement

Boin B0rng-903

(Background) Boring 09-02FiueI-1
Soil Sampling Locations

Site 9 Entomology Bldg

4 Beale Air Force Base
*Boring 09-03 hit an obstruction at
8", moved rig to 09-03A. jW AeOVronmnt Inc.
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o Site 10 -- J-58 Test Cell

At Site 10, the J-58 Test Cell, hand-auger soil samples were

collected from 0- to .5-foot and I- to 1.5-foot depths at four locations in the

channel (see FigureIV-13). A I- to 1.5-foot sample was not collected at location

10-04 because of cobbles in the bottom of the drainage channel. Four unsuccessful

attempts were made to collect an acceptable sample. Samples taken from the

channel near an above ground storage tank (north of the test cell) had significant

levels of O&G (4000-1600 jig/g) and petroleum hydrocarbons (4700-1600 1ig/g) to

1.5 feet in depth (the deepest sample taken). Considerable discoloration and odor

were observed in the field. Table IV-10 shows the analytical data for the soil

samples. The rest of the surface samples contained only slightly elevated levels of

O&G and petroleum hydrocarbons. No significant levels of VOCs were detected in

any of the samples.

o Site II -- AGE Maintenance

A total of four soil borings were made at Site 11 (see

Figure IV-14). Boring 11-01, the background boring located north of Building 1225

and up gradient from the AGE building, was sampled at 6.5-foot and 16.5-foot

depths. Borings 11-01, 03 and 04 were located along the eastern edge of the paved

parking lot surrounding the building, approximately 75 to 100 feet apart and

directly adjacent to the pavement. Samples were taken from each boring at

1.5-foot, 6.5-foot and 16.5-foot depths. In addition, eight hand-auger soil samples

were taken from four locations in the drainage ditch that runs parallel to and

accepts runoff from the AGE parking lot. Hand-Auger Holes 11-04, 03 and 02

correspond in location to Borings 11-02, 03 and 04, respectively.

Table IV-I I shows the analytical results. Hydrocarbon

contamination was identified at the surface (1.5 feet) in Borings 11-02, 03 and 04.

O&G values at 1.5 feet ranged from 1500 to 7000 1g/g and showed a decreasing

trend from Boring 11-02 to Boring 11-04 (north to south). Elevated levels of

volatile aromatics characteristic of gasoline were detected in the 1.5-foot sample

from Boring 4, which had the highest organic vapor reading of the three borings.
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T'ireu s0.1 'Dor,ni s kt re 01 on I eJtf- -I* "te I~ct F. -7 l\1 -

Bwr~ -i 12-I 11, the wt kgr aun -' borng, Ak as ! ,at-d ap pr )v:~de n .t c 1 7

Buildinrg 441 Borings 12.02 and 12-11, Acre ,eari ~ i.etr t ge

concrete pad lo,,Ated approxi!riate 1 3',feet east Jf the o.thleast Jr'er

Dkiiding. Thep ;),id .i K ie -e-c- iseI pet .d .'&C~ Aj I .[ 2'

the t me the In&, Ong ser ied a.s an en toT mol g, shop (1:9A5 !j o 9SYi.

Sampes acre take,) from each .)orng atdep)ths o!f.

0.5 feet and " .5 feet. T1he deep samples Aere sikbmiitted to tine la )orator ',1.i

andk zed, pending results f rom anal, ais Mf the shalio,.samiie for pest ;e!(a'

herbicides;. Trable IV -12 shows the laborators results. 4n,4-DDE, an inset.,-i4ie. .i

detected in Boring 12-03 at a leWe t'r;e the mnethod sieteton .Mt, 4at h n j

:onsidered significant. No further evi dence of pestiride or heri it,

icontamination was found at the owte Deep samplies Acre not inil. ,cj c2 ti I'

upper sudls wvere not contaminated.

0 Site 13 -- Landf ill No. I

No soil sam pies taken.
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Figure IV- 15
Soil Sampling Locations

Site 12 Entomology Bldg 440

Beale Air Force Base

Scale: 1" 120'

Note: See Figtre 1-3 for general location of this site. O* AroVironment Inc.
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o Site 14 -- Transformer Drainage

At Site 14, the Transformer Drainage I\rea, surface hand-auger

samples were collected from 12 locations in a grid pattern within the unpaled

bermed area (see Figure IV-16). Samples vere collected from 0 to 6 inches at ill

12 locations. The original sampling plan called for collecting two samples at each

location, one from '-I foot and one from 1-2 feet, but analyzing only one of the

two samples from each sampling location. The field crew decided that all samples

should be collected from the same depth (0-1 ft) to eliminate the possibilit of not

detecting localized s irface contamination. I'sing this method, the lateral extent

of any contamination could be defined, evien though additional iertical sampling

would later be needed if contaminants Aere found. I'sing the original method,

neither vertical or lateral conditions could be fully defined. In collecting the '- I

foot ,arnple, the upper six inches were used for primary analysis (because if PC~s

exi,,t, they Aould be in the uippermost soil) and the lower six inches were collected

for Nir Force splits. As a result, all analytncal results in this report are for the top

ix nches of soil at the site.

Table IV- I 3 slows -he analytical results. One amnple. taken fromi

.fn Are'a of 'are soil Aith a)o tegetation, had high O&G contamination (38,0C00 ,g'g)

ind -ontained 9. ''g of the PCB Nroclor I260. A second sample taken in the

.a-ne "are area had an e:Xated, but lower, O&G concentration and no detectable

PCP's. No other evidence of contamination was found in the remaining satripies.

:ndl,-ating the contamination is probably localized.

o Site 15 -- Landfill No. I

No soil samples taken.

o Site 16 -- Explosiies Ordnance Disposal Area (EOD)

Surface soil samples were collected from the scrap metal disposal

trench at Site 16, the Explosives Ordnance Disposal Nrea (st'- Figure IV- 17). The

current ordnance burn pit was evaluated, but no sample vas collected because

TV-sO
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discussions with EOD personnel indicated no potential contamination existed

outside the trench. Samples taken from three locations along the bottom of the

scrap metal disposal trench were composited into one in the laboratory (Hand

Sample 16-I-RI) and analyzed for total metals and explosives (RDX, HMX, TNT).

Table IV-14 gives the results of soil sampling at the EOD.

The trench soil was found to be contaminated with chromium,

barium and lead. Lead was found at 14,000 lg/g (1.4% by weight), which greatly

exceeds the TTLC of 1000 lg/g. (Background levels at other sites are about

10 pg/g.) An unidentified yellow powder was observed in the trench at the time of

sampling and may have contributed to the high concentration of metals. No

evidence of explosive residues was found. Because of the high metal

concentrations, the trench was resampled five months later, at which time it

contained several feet of water. During the second sampling, surface soil samples
were taken around the perimeter of the trench at the waterline and approximately

six inches beneath the water surface. Three samples were again composited in the

laboratory for metals analysis. Concentrations of metals in a composite of these

samples were lower than in the original sample, but chromium and lead were still

present at significant levels. The metals appear to be in an insoluble form, based

on the results of an EP Toxicity Test performed on the second round sample. The

EP Toxicity Test showed lead at only 0.26 ppm weight per volume in the leachate.

o Site 17 -- Best Slough

At Site 17, Best Slough, four soil borings were sited around the
perimeter of a small trench containing rusting 55-gallon drums, one boring was

located 220 feet west of the trench, and the background boring was located along

the fence at the northwest edge of the site (see Figure IV-18). Samples were

collected at 5-foot and 15-foot depths and analyzed for O&G, VOCs, total

phenolics and pesticides/herbicides. Two surface hand-auger samples were also

collected from each of three trenches at the site and analyzed for the same

parameters. Table IV-15 shows the laboratory results for these samples. No

detectable concentrations of any of the analytes were found.
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o Site 18 -- Bulk Fuel Storage Area

At Site 18, the Bulk Fuel Storage Area, Boring 18-01, the

background boring, was located at the south edge of the main aviation gasoline

facility, outside the fence (see Figure IV-19 and Table lV-16). Boring 18-02 was

drilled about 100 feet east of Boring 18-01 in a small drainage ditch that runs

north-south and drains the fuel storage facility. This location was selected to

determine whether any contamination has been carried off site with surface runoff.

Boring 18-03 was located at the west edge of the motor gasoline storage facility,

outside the fence near a railcar-unloading station. This location was selected to

identify evidence of past spills reported to have occurred during tank car off-

loading. Boring 18-04, located inside the main facility, was sited at the southwest

corner of the facility drainage ditch (outside the bermed area) to investigate

spillage or leakage that may have occurred during fuel transfer.

Table IV-16 shows the analytical results from Site 18. M1ost of

the samples from Borings 18-01, 02 and 03 had levels of O&G and petroleum

hydrocarbons (400/300 iig/g) slightly above background concentrations. These

values are not considered significant for the following reasons: (I) Most of the

O&G values in the laboratory analysis batch were reported as 400 ig/g, indicating a

potential analytical background problem. (2) Samples from the background boring

were reported to have 400 ug/g O&G at the surface and at 16.5 feet, which was

unexpected. (3) No visible evidence of contamination was observed in the field.
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5. Groundwater Sampling Results

Groundwater samples were collected in two rounds (January and

April 1936) from the following wells at Beale AFB:

- Twenty AeroVironment wells installed between September 19,5

and January 1936. Well 01-01 was not sampled in lanuary, but

was sampled twice in April.

- Four wells installed by Radian Corporation at the Photo Waste-

water Treatment Plant. Wells Nos. 2, 3, 4 were sampled in two

rounds. A ell No. I %as sampled only once, in April 1986.

- Seven base production wells (Wells Nos. 1, 2, 3, 4, 5, 6 and 9).

%,ell No. I was sampled only once, in January 1986.

Two sets of groundwater analyti:al data for each monitoring well

pronide an opportunity to assess the reproducibility of the monitoring program.

Tables IV- 17 through IV-47 give the analytical results. The locations of the wells

are shown on Figures 11-7 and 1- 3. Each table presents all data for each well from

both rounds of sampling. Wells AV installed during this investigation are

designated by a four-digit number. The first two digits indicate the site number

(01 through 18) and the second two digits indicate the well number. For example,

elI No. 02-01 is the unique number for the well installed at Site 2. The

laboratory report number appears above each data column for reference to the

analytical reports in Appendix H. The sample numbers are also given for each

parameter. These are the numbers used as sample I.D. numbers in the laboratory

reports. (See the introduction to Appendix H for more discussion.) Results from

both rounds are presented side by side for comparison.

Groundwater samples were collected approximately three months

apart during the same synoptic period, so time-induced variation is expected to be

minimal. Well 01-01 was completed in late March 1986, and two samples were

collected over a three-day period in mid-April, 1986. Radian Well No. I had an
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\3ALE IV C ' roundwater sampling results for Well 01-01 at Beale AFB, California.

P, ;id Round 2
______________________4__S___ 4/17/36 2

S6314-037' 8604-0372

ND ND

e! - ND ND
N D ND

AUND ND

NP 
0 .2 '

e,-cND ND
* <CEND ND

ND 11(2

* -D E 11.) ND

N D ND
N D ND

''1 ~ .ND ND
ND ND

e-eND ND

ND ND
ND ND
Ili (I 'Y 58 (76 ) f

N ND N D

ND ND
ND ND

ND ND

ND ND
2' e:"I' D ND

91

S 6 4/23/86

) ND ND
ND N D
ND ND

:reND ND
%D ND

NN ND

786 4/22/86

I,~9 *, ,0 4

OiJ & Grease (mg/i) 8.5
Phenols (ig./1) 23

* V>. sS 3 I3Th906056 (Oil

Sp '",'A. ., e~n on page H-346

~..'No. ' 12C 63I 6 ),936238 (Oil
* I ' . ~r.,. ';'r in p.gi-5 -352,

paa ,~ r,' -' .

e .. 2rthes s si-ig EPA Method 624 and
riP

~'K~i-. - , $!. , -t 4 U j, iP con. e'trjtjons above

IV -62



TABLE IV-IS. Groundwater sampling results for Veil 02-01 at Beale AFB, California.

RoindIi Round 2
/7/86 4/16/86,

8601-0091 8604-037'

601 Results (wg/1)

Cc Irictianv ND Nn

IDictilorodil i uoroincth~ine N D ND
Vinyl chloride ND ND
Chloroethane ND ND

%lethylene chloride 0.30 ND
Trichlorofluoruinethane ND ND
I, l-DCE ND ND
I l-DCA ND ND
trans-[ 2-OCE ND NDrChloroform ND ND
1, 2-DCA N4D N D
I I I -TCA N D N D
Carbon tetrachloride ND ND
Brinodichloromethane ND ND

i, 2-Dichloropropane ND ND
trans- I 3-Dichi oropropaiie ND NI)
TCE ND N D
Di brornochlorornethanea

I12-Triciiloroetharle" D1
cis-1I 3-Dichloropropanea

Chlorooth yl vinyl ethecr ND ND
Irurnoforin ND ND
Tetrachloroethaneb ND N D
Ti'trachi oron t lico

Chlorobenzene ND ND

Dichlorobenl7enos N D ND

Surrogate Recovery, %113 78

Analysis Date: 1/9/86 4/23/36

602 Results (pg/I)

B~enzene 0.4 ND
Toluene 0.6 N4D
Ethylbenzene 0.8 N D
Ch~oroblnzenec ND N D
Xylenes ND ND
Dichloroheiizenes ND ND

Analysis Date: 1/8/86 4/21/86

% Surrogate Recovery 160 34

Oil & Grease (mg/I) 0.5 0.9 h

Phenols (lug/1) 35 NA

Barium 160 60
Base/Neutrals & Acids (pig/I)

Phenol 2 ND

Footnotes:
I Acurex report number, refer to sample No. 810302 (60 1/602), 310303 (Oil

& Grease), 310415 (Phenols), 310293 (Metals), and 310294 (BNA), beginning
on page H-214 in Appendix H-.

2 -Acurex report number, refer to sample No. 9061 52 (601/602), 906153 (Oil
& Grease), 906154 (Metals), and 906155 (BNA), on pages H1-350, 338, 320,
and 325, respectively, in Appendix H.

a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

f - Confirmed by GC/MS Method 624 (For PCAIPCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
11 - Below concentration foiinid in method blank
N14A - Not analyzed
ND - Not detected IV-63



T ABLE IV-l9. Groundwater sampling results for Weil 03-01 at Beale AFB, California.

601 Results (pg/1)

ND

ND ND
ND

ND ND

N DD

)r 'xNI)

602 Rsults(wgND

rN -p., efe to ia ,k S

!k , Ae N-H 1 C P e , 1, . 1

O- r ase , P-mg C)/I)7 -
Pero en, )', idro 30rbois Cuig i

Led "igIt en -( iri ,e

I - - e 'j ,-~ -F MSi§ 0 62sss) F ~ 1 P .I P . F
s.w I . 2V. "g, S'.'.i H

.Nx'.pcr~ ~ ~ ~~~I -44>e-'or.,-. '2h..~s



TABLE IV-20. Groundwater sampling results for Well 03-02 at Beale AFB, California.

Rotind I Round 2
1/7/6 4/15/862

8601-0091 3604-037

601 Results (ug/I)

ND ND
i3r 'n ethane ND NO
D,. :.3r od,1Jr oriethdne ND ND
V, b -loride ND NO
C- roethane ND ND

M e t ', e n e c h o r id e 0 .8 
e  1 .0 

e

T richlorfluoromethane ND ND
l I-DCE ND ND
1 1-DCA ND NO
: .vi-I , 2-DCE ND ND

Cmoroforin ND ND
S.-f-C.A N D ND

., I-TCA ND ND
7arbn :etrachioride ND ND
E r modichloromethane ND NO

. 2-Dchloropropane ND ND
I.a's- , 3-Dichloropropane NO NO

NCED ) 0.7Ja,.rot',@-hborolnethjne

i ,. 2-Trtchloroethane a  NO ND
.s- I , "li-)choropropanea

".cr t'4 ir eth~er ND ND
ND NO

TetaThloroet aneb ND ND

, aicloroet heneb

NFn ND
:).*i r cbenze'es ND ND

"\ ,gite Re,'v,~r 102 70

\' .. i Date: 1/9/36 4/1,/86

602 Results (jig/[)

,-'e ND NO
7 n, 'e 0.8 ND
E t, ;tenzene 0.3 ND
Chiorob nzene C  

ND ND
\ ,ienesl ND ND
Dc,3hlornbenzenes 0.4 NO

\"al.,sis Date: 1/l3/86 4/17/86

. S,,rrjgate Recovery 101 102

Oil & Grease (mg/) 0.8 0.7
Petroleum, Hydrocarbons (ughI) 0.8 0.7
Phenols (1ig/1) < I < I
Lead (g/I) < 20 <20

F ro' tes:

N, irex report number, refer to sample No. 310894 (601/602), 810895 (Oil
N Grease. Pet. HC), 310293 (Phenols), 310292 (Lead), beginning on page

- \crex report number, refer to sample No, 906073 (601/602), 906074 (Oil
& Grease. Pet. HC), 906075 (Phenols), 906076 (Lead), on pages H-347, 338,
V.S, and !19, respectively, in 4ippendix H.
These .conpounds coelute
These -ornpounds roelute
'7hlorobenzene and meta-xylene

S Irtho-xvl ene and para-xylene
Belo. nornal aboratory background level

f "Not ,:ofirwed Ib GC/MS Method 624 (GC gave value of 1.0 tig/l)
N -\, N., (-d, 'r, Ph, 1Hg. Se, 'ig. Those mrtes with i (imentrations above
lete ti)r i ts ire 5hown.

-Not l'te ted

IV-65



TABLE IV-21. Groundwater sampling results for Well 03-03 at Beale AFB, California.

Round I Round 2
1/3/86 14/14/36.

8601-013 8604-037'

601 Results (ijg/I)

Chiorornethane NO ND
Brornomethane ND ND
D ichl orodiflIuorornethane NO ND
Vinyl chloride ND N D
Chloroethanc N D N D

Methylene chloride ..,e ND
T ri chlorofl uorom ethane ND ND
I l-DCE ND ND
I I-DCA ND ND
trans-lI, 2-DCE ND N D

Chloroform ND ND
1, 2-DCA ND N D
I1,I,1-TCA ND N D
Carbon tetrachloride ND ND
Bromodichloromethane ND ND

I ,2-D ichl oropro pane N D N D
trans- I , 3-Dichloropropane N D ND
TCE ND 0.2
Dibromochloromnethane a
I l,2-Trichloroethane aa N D ND
cis- I ,3-Dichloropropanea

Chloroethylvinyl ether ND ND
Bromoform bND ND
Tetrachloroethane bDN
Tetrachloroethene bNDO

Chlorobenzene ND ND

Dichlorobenzenes ND ND

Surrogate Recovery, % 108 69

Analysis Date: 1/9/86 4/17/86

602 Results (jig/I)

Benzene ND ND
Toluene 0.2 ND
Ethyl benzene 0.3 ND
Chlorob nzene NOO
Xyl enes SND ND
Dichlorobenzenes ND ND

Analysis Date: 1/10/86 4/17/86

% Surrogate Recovery 100 100

Oil & Grease (mg/I) 2.2 0. h
Petroletum, Hydrocarbons (Mig/I) 1.8 0 .)h

Phenols (jag/I) 18 9
Lead (jig/I)I < 20 j <20

Footnotes:

I Acurex report number, refer to sample No. 810400 (601/602), 810401 (Oil
& Grease, Pet. HC), 810403 (Phenols), 810402 (Lead), beginning on page
H-234 in Appendix H.

2 -Acurex report number, refer to sample No. 906060 (60 1/602), 906061 (Oil
& Grease, Pet. HC), 906062 (Phenols), 906063 (Lead), on pages H-346, 338,
305 and 319, respectively, in Appendix H.

a -These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
l; - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
h - Below concentration found in method bank
ND - Not detected
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TABLE IV-22. Groundwater sampling results for Veil 03-04 at Beale AFB, California.

Round I Round 2
1/9/86 14/ 14/862

3601-026 ~ 8601-02S2

601 Results (ig/1)

Chioromethane ND ND
Brornomethane 14D ND
Dichlorodifluorornethane ND ND
Vinyl chloride ND4 ND
Chloroethane N D N D

Metlene chloride 1.'ND
T richi orofl uorom ethane ND ND
I l-DCE ND ND
I,1-DCA N D ND
trans-1I,2-DCE ND N D

Chloroform N D N D
I ,2-DCA N D N D
I1,i, I-TCA ND ND
Carbon tetrachloride N4D ND
Broinodichl orom ethane N14D N D

I , 2-Dichloropropanc ND ND
trans- 1, 3-Dichlorapropane N D ND
TCE N4D ND
Dibromochloromethanea
I, I,2-Tri chloroethanea N D N D
cis- I ,3-Dichloropropane a

C hl oroethyl vinyl ether N4D N D
Bromoform N D N D
TetrachloroethanobI
Tetrachloroethene bN

Chlorobenzene N4D ND
Dichlorobenzenes IND N D

Surrogate Recovery, % 95 85

Analysis Date: 1/13/86 4/17/86

602 Result-. (tig/I)

Benzene ND ND
rToluene 0.2 ND

Eth ylbenzene 0.8 ND
Chlorob~nzene 4DND
.X ylIenes N D N D
Dichlorobenzenes ND N D

Analysis Date- 1/13/86 4/1 7/86

% Surrogate Recovery 96 101t

Oil & Grease (mg/I) 1.5 3.4
Petroleum, Hydrocarbons (iig/I) 1.2 2.4
Phenols (ji/I 16 12
Lead (Mg/I) 30 <20

Footnotes:
I Acurex report number, refer to sample No. 810424 (601/602), 810425 'oil

& Grease, Pet. HC), 810427 (Phenols), 810426 (Lead), beginning on page
H-256 in Appendix H.

2 -Acurex report number, refer to sample No. 906064 (601/602), 906063 (Oil
& Grease, Pet. HC), 906066 (Phenols), 906067 (Lead), on pages H-346, 338,
305 and 319, respectively, in Appendix H.

a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
ND - Not detccted
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TABLE IV-23. Groundwater sampling results for Well 03-03 at Beale AFB, California.

.,ound I Round 2
1/7/86 14/15/86 2

8601-009 3604-037

601 Results (hig/I)

Chloromethane ND NO
Bruinoinethane NO NO
Dichlorodifluorornethane NO NO
Vinyl chloride NO NO
Chloroethane ND N D

\ ethylene chloride 0. 6 e 2 .0 '
T r ich Ioro flIuo rom et ha ne N D N D
i .l-DCE ND ND
I ,L-DCA ND ND
trans-l, 2-DCE ND ND

Chloroform ND ND
i, 2-DCA NO ND
I , I, -TCA ND ND

Carbon tetrachloride ND 0.8
Bromodichloromethane ND ND

, 2-Dichloropropane ND N D
trans- 1, 3-Dichioro propane ND ND
TCE ND ND
Dibromiochloromnethaned
I I, 2-Trichloroethanea aND IND
cis- I , 3-Dichl oro propanea

Chloroethylvinyl ether ND ND
Bromoform ND ND
Tetrachloroethane b ND ND
Tetrachloroethene

Chlorobenzene NO N D
Dichlorobenzenes ND ND

Surrogate Recovery, % 88 76

Analysis Date: 1/9/86 /1 86

602 Results (ug/l)

Benzene NO ND
Toluene 0.3 ND
Ethylbenzene 0.6 ND
Chlorobynzene' ND ND
Xylenes ND ND
Dichlorobenzenes ND ND

Analysis Date: 1!8/86 4/1 7/86

% Surrogate Recovery 154 104

Oil & Grease (mg/I) 2.3 01.9
Petroleum, Hydrocarbons (jig/I) 1.4 0.5
Phenols (jig/I) I<1
Lead (jig/I) <20 '20

Footnotes:
I Acurex report number, refer to sample No. 810288 (60 1/602), 810289 (Oil

& Grease, Pet. HC), 810291 (Phenols), 810290 (Lead), beginning on page
H-21 4 in Appendix H.

2 -Acurex report number, refer to sample No. 906079 (60 1/602), 906080 (oil
& Grease, Pet. HC), 906081 (Phenols), 906082 (Lead), on pages H-347, 338,
305 and 319, respectively, in Appendix H.

a -These compounds coelute
b -These compounds coelute
c -Chlorobenzene and meta-xylene
d -Ortho-xylene and para-xylene
e Below normal laboratory background level

f Confirmed by GC/.MS Method 624 (For PCA/PCE, only PCE found)
g-As, flu, Cd, Cr, Pb, IHg, Se. Ag. Thosc mectals wi th corit-trj soos ,btv,

detection limits are shown.
N D -Not detected
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TABLE IV-24. Groundwater sampling results for VeU 04-01 at Beale AFB, California.

Round i iound 2
6186 ,'4 86,
iA -006' 36rj--D3!-

601 Results (igJl)
.hIoroinet ane ND ND
3rouoic'hane ND N D

DichIor ciooro oethane ND ND

ViN! chloride ND ND

Chloroethane ND ND

Methylene chloride '-9
e  1.3'

Trichloroftuorornethane ND ND

I -DCE ND ND

, I-DCA ND ND

trans- I , 2-DCE ND ND

Chloroform ND ND

i, 2-DCA ND ND

SI l, I-TCA 0.08 ND

Carbon tetrachloride ND ND

Bromodichloromethane ND ND

i 2-Dichloropropane N D ND

trans-l , 3-Dichloropropane ND ND

TCE '-2

Dbromochlorornethane
a

1 I, 2-Trichloroethane a ND ND

cis- I, 3-Dichloropropane

Chioroet hylvinyl ether ND ND

Bromoform ND ND

Tetrachloroethaneb ND ND
Tn trachloroethene

b

Chlorobenzene ND NI)

Dichlorobenzenes ND ND

Surrogate Recovery, % 106 60

Analysis Date: :,9/86 4/24/86

602 Results (jIg/I)

Benzene ND ND

Toluene 3.0 ND
Ethylbenzene 1.4 ND
Chlorobinzene ND ND
Xylenes ND ND

Dichlorobenzenes N D N D

Analysis Date: 1/8/86 4/23/86

% Surrogate Recovery 104 95

Oil & Grease (mg/i) 0.8 1.1

PhenoI (Ug/l) <1 s
Metal7 (iUg/i)

Barium 60 250

Footnotes:
- Acurex report number, refer to sample No. 8108a4 (601/602), 81086 (oil

& Grease), 810887 (Phenols), and 810885 (Metals), beginning on page H-200

in Appendix H.
2 - Acurex report number, refer to sample No. 906177 (601/602), 906178 (Oil

& Grease), 906180 (Phenols), 906179 (Metals), on pages H-355, 338, 306

and 320, respectively, in Appendix H.
a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

- Confirmed by GCIMS Method 624 (For PCA/PCE, only PCE found)

g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals .Ith concentrations above
'fetetion limits are shown.

NJ) N IN J, 1 I , '1
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TABLE P1-25. Groundwater sampling results for Well 05-01 at Beale AFB, California.

Round I Round 2
l,'6/36 4/18/86

8601-006 ~ 8604-0372

601 Results (pgl)

Chloromneiharte NO NO
Bromomrethane NO NO
Dihorodiff uoromn ethane NO ND
Vinyl chloride NO ND
Chloroethane ND ND

Methylene chloride 0*5e 0 .3e
T richlorofl uororn ethane NO ND
i I-DCE NO ND
I 1-DCA ND ND
trrs-l,2-DCE ND ND

Chloroform NO ND
I, 2-DCA ND ND
I , l-TCA ND ND
Carbon tetrachloride N4D ND
Bromodichloromethane ND ND

1,2-Dichloropropane NO ND
trans-I, 3-Dichloropropane ND ND
TCE 0.2 ND
Di brom ochl orom ethane a
I ,I 2-Trichloroethanea ND ND
cis-I ,3-Dichloropropanea

C hloroethyl vinyl ether ND ND
Bromoform NO ND
Tetrachloroethaneb ND ND
Tetrachloroethene

5

Chlorobenzene ND ND
D~chl rabenzenes ND ND

Surrogate Recovery, % S5 83

Nfl's' Date: 1/9!86 4/'23/86

602 Results (ijg/I)

B~enzene ND ND
Toluene ND ND
Ethylbenzene cI I ND
ChlorobrnzeneNOO
Xylenes ND ND
Dichlorobenzertes ND ND

Analysis Date: 1/8/86 4/22/86

% Surrogate Recovery 149 35

oil & Grease Cmg/1) 1.5 4.9
LPhenol I(jig/1) I<1 17

Footnotes:
I Acurex report number, refer to sample No. 810899 (601/602), 810900 (Oil

& Grease), 810901 (Phenols), beginning on page H-2OO in Appendix H
2 -Acurex report number, refer to sample No. 906115 (601/602), 906116 (Oil

& Grease), 906117 (Phenols) on pages H-354, 338 and 306, respectively,
in Appendix H.

a -These compounds coelute
b -These compounds coelute
c Chlorobenzene and meta-xylene
d -Ortho-xylene and para-xylene
e -Below normal laboratory background level

f Confirmed by CC/MS Method 624 (For PCA/PCE, only PCE found)
g -As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
NDO Not detected
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TABLE IV-26. Groundwater sampling results for Well 06-01 at Beale AFB, California.

Round I Round 2
1/9/86 14/15/86 2

8601-026l 8604-037

601 Results (ug/1)

Chloromethane ND ND
Bromomethane ND N D
Dichlorodifluorornethane N D ND
Vinyl chloride ND N4D
Chloroethane ND ND

%iethylene chioride 1.2 e l.oc
T richloroflIuorom ethane ND ND
I 1-OCE ND ND
I I-DCA ND ND
trans- I 2-DCE ND N D

Chloroform ND NO
1,2-OCA ND ND
I ,lI, -TCA ND ND
Carbon tetrachloride ND ND
B rom odiChi orom ethane N D N4D

1, 2-Dictioropropane ND N D
trns- 1, 3-Dichloroproparie N D N D
TCE N D N D
Dibromochloromethane a

I ,lI, 2Trichloroethane a ND N D
cis- I, 3-Dichloropropanea

Chi oroethyl vinyl ether ND ND
Bromofr ND N D
Tetraf'chioroethaneb N D ND
Tetrachioroethene b

Chlorobenzenc N D N4D
Dichloroberizenes ND N4D

Surrogate Recovery, % too 70

Analysis Date: 1/14/86 4/18/86

602 Results (ugh)

Benzene ND ND
Toluene ND N4D
Ethylbenzene 0.4 ND
Chlorob cen ND N D
XylIenes In eN D ND
Dichlorobenzenes N D N D

Analysis Date: 1/13/86 4/17/86

% Surrogate Recovery 97 108

Oil & Grease (mg/i) 1.4 1.7

Barium 120 130
Lead 40 <20

Pesticide/Herbicides (ughl)
Lindane NA 0.01

Footnotes:
I Acurex report number, refer to sample No. 810488 (601/602), 810489 (Oil

& Grease), 810490 (Metals), 810491 (Phenols), beginning on page H-258
in Appendix H.

2 -Acurex report number, refer to sample No. 906083 (60 1/602), 906084 (Oil
& Grease), 906078 (Phenols), 906077 (Metals), 906037 (Pesticide/Herbicides),
on pages H-348, 338, 305, 320, and 3 12/334 (509A/509B), respectively,
in Appendix H.

a -These compounds coelute
b -These compounds coelute
c -Chlorobenzene and meta-xylene
d -Ortho-xylene and para-xylene
e -Below norinal laboratory background level

- Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE (ound)
g -As, Ba, Cd, Cr, Pb, Hig, Se, Ag. Those metals with concentrations abve

detection limits are shown.
NA -Not analyzed IV-71
NO Not detected



TABLE IV-27. Groundwater sampling results for Well 06-02 at Beale AFB, California.

Round I Round 2
1/10/36 14/15/862

3601-028
1  

8604-0372

601 Results (jig/I)

Chioromethane ND ND
Broinornethane ND ND
Dichlorodi fl uorom ethane ND ND
Vinyl chloride ND ND
Chloroethane ND ND

Mlethylene chloride 0.5' 0.6 e

T ri chiorofl uoromnethane ND ND
lI-DCE ND ND

11 l-DCA ND ND
t rans- I.2-DCE ND ND

Chloroform ND ND
, ,2-DCA N D N D

I,i,l1-TCA ND ND
Carbon tetrachloride N4D N D
Broinodichioroinethane N D N D

I2-Iichloropropane ND ND
trans- 1, 3-Dichioropropane ND ND
TCE ND ND
Dibromochloromethanea
I I ,2-Trichloroethane a ND ND

cis- I, 3-Dichloropropatie

Chioroeth)lvinyl ether ND ND
Bromoforin ND N L
Tetrachoroethaneb ND ND
Te trachi oron -trnne

Chlorobenzene ND ND

Dichlorobenzenes ND ND

Surrogate Recovery, % 58 57

Analysis Date: 1/14/86 4/1 3/86

602 Results Wjg/I)

Benzene ND ND
Toluene ND ND
Ethylbenzene 0.6 ND
Chlorobjnzene'NND
Xy enes ND ND
Djchiorobenzenes ND ND

Analysis Date: 1/14/86 4/17/86

16 Surrogate Recovery 94 105

Oil & Grease (mg/1) 0.4 1.9
Pheno (jig/I) 9 <1

MW (lig/I)
Barium <50 I50

Pesticide/Herbicides (uig/)I
Lindane NA [0.04

Footnotes:
I Acurex report number, refer to sample No. 8 10502 (60 1/602), 810503 (Oil

& Grease), 3 10505 (Phenols), 8 10504 (Metals), beginning on page H -279
in Appendix H.

2 -Acurex report number, refer to sample No. 906038 (60 1/602), 906039 (Oil
& Grease), 906041 (Phenols), 906040 (Metals), 906042 (Pesticide/Herbicides),
on pages H-347, 338, 305, 320 and 312/334 (509A/509B), respectively, in
Appendix H.

a - These compounds coelute
b - These compounds coelute
r - Chlorobenzene and meta-xylene
d - Ortho-xyiene and para-x, ene
e - Below normal laboratory uackground level

f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with coriccntratio-is above

detection limits are shown.
NA - Not analyzed
N D - Not detected IV-72



TABLE IV-28. Groundwater sampling results for Well 08-01 at Beale AFB, California.

Round I Round 2

1.'7/36 4/17/86
8601-009 8604-037-

601 Results (g/1)

Chloromethane ND ND

Bromomethane ND ND
Dichlorodifluorom ethane ND ND
Vinyl chloride ND ND
Chioroethane ND ND

Methylene chloride 0. 9e 0 . 6e

Trichlorofluoromethane ND ND

I, i-DCE ND ND
I, I-DCA ND ND
trans- I,2-DCE ND ND

Chloroform ND ND

1, 2-DCA ND ND
I, 1, I-TCA ND ND

Carbor tetrachloride ND ND
Broinodichloromethane ND ND

I, 2-Dichloropropane ND ND
trans- I, 3-Dichloropropane ND ND
TCE ND ND
Dibromochloromethanea

1, I, 2-Trichloroethane
a a ND ND

cis-I 3-Dichloropropane

Chloroethylvinyl ether ND ND
Bromoform ND ND
Tetrachloroethaneb ND ND

Tetrachloroetheneb

Chlorobenzene ND ND
Dichlorobenzenes ND ND

Surrogate Recovery, % 116 75

Analysis Date: 1/9/86 4/24/36

602 Results (jig/[)

Benzene 0.2 ND
Toluene 2.6 ND
Ethylbenzene 0.5 ND
Chlorobsnzene

c  0.2 ND
Xylenes ND ND
Dichlorobenzenes 0.4 ND

Analysis Date: 1/10/86 4/22/S6

% Surrogate Recovery 100 93

Oil & Grease (mg/I) 0.6 0.5
Petroleumi, Hydrocarbons (jg/1) 0.4 0.5
Phenols (Ug/I) <1 14

Footnotes:
I - Acurex report number, refer to sample No. 810891 (601/602), 810891 (Oil

& Grease, Pet. HC), 810893 (Phenols), beginning on page H-215 in Appendix H.
2 - Acurex report number, refer to sample No. 906174 (601/602), 906175 (Oil

& Grease, Pet. HC), 906176 (Phenols), on pages H-355, 338, and 306, respectively,
in Appendix H.

a - These compounds coelute
b - These compounds coelute
c Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
c - Below normal laboratory background level
f - Confirmed by Gr/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
ND - Not detected

IV-73



TABLE IV-29. Groundwater sampling results for Well 10-01 at Bedie AFB, California.

Round I Round 2
1,1(/86 1 4/16/86.,

8601-0061 3604-037'

601 Results Q'&/')

Chlorornethane ND ND
Bromomethane ND ND
Dichlior odi flIuorom ethane ND ND
Vinyl chloride ND ND
Chloroethane ND1 ND

Methylene chloride 0.6 e ND
T richiorofl uoromnethane ND ND
I l-DCE ND ND
I i-DCA ND N D
trans- I ,2-DCE N D N D

Chloroform N D N D
I, 2-DCA N4D N D
I , I, I-TCA N D N D
Carbon tetrachloride ND ND
B ronodichlorornethane ND ND

12-Dichlaropropane ND ND
trjns- 1, 3-Dichlorupropine N D NI)
TCF 0.3 ND
Dibromochloromethanea
I , 1, 2Trichloroethanea N D ND
cis-I ,3-Dichloropropanea

Chloroethyl vinyl ether ND ND
Broinoform ND N D
T extrachl oroethane bN N D
Te trachloroetheneb N

Chlorobenzene N D N D
Dichlorobenzenes N D N D

Surrogate Recovery, 9687 89

Analysis Date: 1/8/86 4/23/86

602 Results (i)igll)

Benzene ND ND
Toluene 2.4 ND
Ethylbenzene c1.7 ND
Chlorabnzenec ND ND
Xylenes ND ND
Dichlorobenzenes ND ND

Analysis Date: 1/8186 4/21/86

%6 Surrogate Recovery 116 93

Oil & Grease (mg/I) 2.0 1.5
Petroleum, Hydrocarbons (ugh) 0.9 1.3
Phenols (iig/I) '1 8

Footnotes:
I Acurex report number, refer to sample No. 810896 (60:/602), 810897 (Oil

& Grease, Pet. HC), 810898 (Phenols), beginning on page H-200 in A~.pendix H.
2 -Acurex report number, refer to sample No. 906157 (601/602), 906159 (Oil

& Grease, Pet. HG), 906159 (Phenols), on pages H-350, 338. and 305, respectively,
in Appendix H.

a -These compounds coelute
b -These compounds coelute
c -Chlorobenzene and meta-xylene
d -Ortho-sylene and para-xylene
e -Below normal laboratory background level

f Confirmed by CC/MS Method 624 (For PCA/PCE, only PCE found)
g -As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
ND -Not detected

IV-.74



TABLE IV-30. Groundwater sampling results for Well 11-01 at Beale AFB, California.

r ound I Round 2
1/6/86 4/16/86,

9601-006' 1 604-037-

601 Results (iigII

Ctiorofnethiane ND ND
Brorncinethafle N D ND
DchUorodifluoromethafle ND ND

Vinyl chloride ND ND
Choroethane ND ND

% ethylene chloride 0.,6e ND
7richlorofluOromethane ND ND
I,-DCE ND ND

i :-DCA ND ND
trans- I 2-DCE \ID ND

Chioroform ND ND
1 2-DCA N D N D

t , 1,l-TCA NJD NP
Carbion tetrachloride N D N P
B rom odi c hloroin e thane N P N D

I 2-IDichloropropane ND) ND
trans- I, 3-Dichloropropane ND N D
TCE 0.4 ND
Dibroinochloromethanea
I, I, 2-Trichloroethane a ND ND
cis- I ,3-Dichloropropanea

Chloroethylvinyl ether ND N D
Brornoform N D ND
Tetrachloroethane b NJD ND
Te trach oroethene b

Chlorobenzene ND ND
Dichlorobenzenes ND ND

Surrogate Recovery, %94 31

Analysis Date: 1/8/86 4/23/86

602 Results (WI~)

B~enzene NND
Toluene I 6 N D
Ethvlbenzene 0.9 ND

Chlrob~nzenec ND ND
Xy yenes N
Dichiorobenzenes N D N D

Analysis Date: 118/36 4,121/36

,16 Surrogate Recovery 115 97

Oil & Grease (mg/I) 3.3 7.2

Phenols (WOh <1 6
Foot;,otes:

I Acurex , eport number, refer to sample No. 810888 (60 1/602), 310889 (Oil
& Grease), S 10890 (Phenols), beginning on page H-200 in Appendix H.

2 -Acurex report number, refer to sample No. 906160 (601/602), 906161 (Oil
& Grease), 906162 (Phenols), on pages H-351, 338, and 303, respectively,
in Asppendix H.

a -These compounds coelute
b These compounds coelute
c -Chlorobenzene and meta-xylene
d -Ortho..xylene and para-xylene
e -Below normal laboratory background level

f Confirmed by GC/MS Method 624
g -As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with co-ncentrations above

detect~on Im its are shown.
N4D -Not detected
ND-Not detected

IV-75



7.MILE [V-I1. Groundwater sampling results for Well 13-01 at Beale AFB, California.

- 6.,16 36

,,. " g62 _ 372

601 Results (g.'t)

N D
N D

ND

N D
- 'D ND

.. ND2 %" ND

ND7 - ¢ ND

• D 0.5

ND- 7a",F ND

ND ND

ND

. 26 (2)

ND ND

'~ ND

, -... . -o~~hte.L '4 
"

602 Rrsudts log&/])

'- ~ e t
"

, ;* ''e .D ND'

- ND

NDr

93

Oil & Grease (mg/I).0-
Phenols (tg/1) <- Ic
Metals6 " (lag/I)

Pesticide/Herbicides (all)

;rex -. )ort - to sa pe %o. 31 096 V-2), 3!C497 (Oil
Ol Grea (g/l) l., g oil page H

%a~ 6~~ 1( ')6 1 (I)t'

4 ,3 , 370, Ae" 1 1 114 5<91\ in- '3 ,;e -e)r a -Thrtr', refe ko r .a"'e X .8S 9 A !'S ) ' 7{

" ," (H,

' pe s ! ' oa 1 , 0 r v ' a r' !3 g! rS 9 ,' " B re pc0.e

e ,( 'M. at .e- ,0 .).re ',e%.s ,sng EP ' l ethoI (2 and

K A , ni., (-,-. . g, Sf, Ag. Trose. " t,1s th ,Ic ntrattans a.ove

rs i- Sh-ow-,

.!' , .IV-76



TABLE WV-32. Groundwater sampling results for Well 13-02 at Beale AFB, California.

Round 1 RoundO 2
1,110/36 16V 'S6

601 Results (i%/0)

Chloromethafle ND N
Bromomethafle \1D ND

Dichlorodifluoromfethane ND N
Vinyl chloride N D
Chioroethane N D ND0

%iiethylene chloride 7
T r ichlIoro fIuo ro me thane N D N r
I i-DCE ND NP
1,l-DCA ND ND
trans-!, 2-DCE 1.8

Chloroform 0.35 ND
1, 2-DC A ND
I , !, -TCA ND r)
car!,un iotricliloride 1:
Broinodichloroinethane ND: n

I,2-D ichloropro pane ND r) r
trans- I , 3-Dichloropropane N D NDP
TCE 106~ 23 (29)
Dibrom ochloromethanea
I, , 2-Trichloroethaneaa ND N

cis- l 3-Dichicropropanie

Chloroethylvinyl ether ND NP

Bromoform ND ND
Tetrachloroethaneb 3.7
Tetrach oroethene

5

Chlorobenzene ND
Dichlorobenzenes N D

Surrogate Recovery, 8 4

\nalysis Date: :,

602 Results (tWOl

I.3enzeneNDV
Toluene N
Ethylbefizene ~N
Chlorob~nzene- ND%
X ylenes NDD
Dichlorobenzenes N D

Analysis Date: I 4186.

%1 Surrogate Recovery 99

oil & Grease (mg/I) :.2
Phenols (WO/I NA
Metals8 (Jig/I)

Barium <S
Pesticide/Herbicides (jig/l)

2,4-D NDP

Footnotes:
-Acurex report number, refer to sample No. 3 105r8 (60 '602,3 5 C

&Grease), 810506 (Pesticide,'Her.'zidc-S), 8! 0S09 ('.letjis), :e.''
page H-290 in Appendix H.

2 -Acurex report number, refer to sar'pl)e %o. 901;! 39 (60 '02 '

& Crease), 906143 (Phenols). 906141 (M.:ais), 9'6142? (P-str !_1e Hemn
on pages H-349, 338, 305, 32), and 3 13,3314 (5094, %'9). enc: c
in Appendix H.

a -These compounds coelute
t - These compounds coelute

I Chlorobenzene and meta-xylene
d -Ortho-xylene and para-sylene
e -Below normal laboratory background !eve!

f Confirmed by GC/MS Method 624 (For PC Ai'PCF. .)r:, ')CE --
A "s, Ba, Cd, Cr, Pb, Hg, Se, Ag. ThIose 'n e t .3 IS t ' t t - .

detection limits are shown.
h -Confirmed by GC/MS at level in parenthesis is ig FP-N Met" 's

SP- 1000 column.
I Below concentration found in nethod a'.

N4A -Not analyzed
N D -Not deterted W 7



7\VLE IV -Al. _rru!*attr sarnoling e~sults for WeU 15-01 it r~ tie l~ i!r

602? Resuhts (w&l1)

Oil & Greas (mg/I

nI -

Pesticide/Herbicides (sig1)

,eS,

& ,ease'. S.>.5Phenoisj, K.., ; g. 'y .,C

31 Lredie), 906099 P'enois), 9O6r'A ;,b. 6s, p2. P-s"".. l'e .~
(Herbicides), on pages H -148. 3 3. 3 1 2g. I. 3, a' 114, -- spe. e
,n A ppend.x H.

i Tese ,rrKOunds coelute
These ,om po,;rJs coelute
K-,Iorobefl;CC 3,d reta-x ,
Or~-~y~ene ard pora-yl'e-.

ne. or-a1 aboratory ba:kgr Ai

g As, 9d, Cd, ir Pb. Hg, Se, AK. ' I.,sr -r~
jeteozor .n'ls 4'e Sho~n.

i3~~ zne ltr.! r O ' !Io~ I'
-, Not I'd ,Z-1
*4 Not ietect.'I TV -78



T \EBLE IV-34. Groundwater sampling results for Well 15-02 at Beale AFB, California.

R,,,l . 'i R 3Ufd 2

61Resu~ts (wel)

ND N D

A D N D

4 - nCEP %ND

)!r "P N D

ND ND

,"c' tr4~Y'.deNP A

''~~,orretane P N

~'~rpao 8P N6

ND

.36

Pheols ResK/0(g

Metaig (NP

i~iii.'etmie NPg/

rex-e~ t -j-be , r fer L) a- !e 46:(N

Oi"&Gese (rpors /l)t

~~'iaIV -79.~



TABLE IV-35. Groundwater sampling results for Well 15-03 at Beale AFB, California.

Round I Round 2
1/9/86 4/15/86

8601-026l 3604-0372

601 Results (Wg)

Chloromethane ND ND
Bromomethane ND ND
Dichlorodifluoromethane ND ND
Vinyl chloride ND ND
Chloroethane N D ND

Methylene chloride 0.7
e  6.,

e

T richlorofluorom ethane ND ND
I, I-DCE ND ND
l, I-DCA ND ND
trans- l, 2-DCE ND ND

Chloroform ND 0.7
i ,2-DCA ND ND
I,1, I-TCA ND ND
Carbon tetrachloride ND ND
Bromodichloromethane ND ND

I ,2-Dichloropropane ND ND
trans- 1,3-Dichloropropane ND ND
TCE ND ND
Dibromochloromethanea
I, 1,2-Trichloroethane

a 
a N D ND

cis- 1, 3-Dichloropropane

Chloroethylvinyl ether ND ND
Bromoform b ND ND
etrachloroethane b NO NO
Tetrachloroethene

Chlorobenzene ND ND
Dichlorobenzenes ND ND

Surrogate Recovery, % 75 75

Analysis Date: 1/13/86 4/21/86

602 Results (%Wl)

Benzene ND ND
Toluene NO ND
Ethylbenzene 0.6 ND
Chlorobsnzene

c  NO NO
XyIenes ND ND
Dichlorobenzenes ND ND

Analysis Date: 1/13/86 4/18/86

% Surrogate Recovery 97 94

Oil & Grease (mg/I) 0.5 0.3
Phenol1 (uIg) 20 <1
Metasa (1w1) ND ND
Pesticide/Herbicides (ugh)

Lindane NA 0.1

Footnotes:
I - Acurex report number, refer to sample No. 810466 (601/602), 810467 (Oil

& Grease), 810469 (Phenols), 810468 (Metals), beginning on page H-256
in Appendix H.

2 - Acurex report number, refer to sample No. 906091 (601/602), 906090 (Oil
& Grease), 906092 (Metals), 906093 (Phenols), 906094 (Pesticide), 906039
(Herbicides), on pages H-348, 338, 320, 305, 313/334 (509A/509B), respectively,
in Appendix H.

a - These compounds coelute
- These compounds coelute

c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

- Confrmed by GC/MS Method 624 (wor PCA/PCF, only PCF found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
NA - Not analyzed
ND - Not detected TV-80



TABLE IV-36. Groundwater sampling results for Veil 15-04 at Beale AFB, California.

Round I Round 2
1/9/86 14/15/862

8601-026l 8604-0372

601 Results (jig/1)

Chlorornethane ND Nn
Brornornethane ND ND
Dichlurodifluoroinethane ND ND
Vinyl chloride ND ND
Chloroethane ND ND

Mtethylene chloride 0 .6e 0.6'
Trichiorofluoromethane ND ND
I I-DCE ND N P
I l-DCA ND ND
trans- I,2-DCE ND ND

Chloroform ND ND
i ,2-DC A N D N D
I ,,l-TCA IND ND
Carbon tetrachloride ND ND
Bromodichloromethane ND ND

1,2-Dichloropropane N D N D
trans- I, 3-Dichloropropane ND N D
TCE ND N D
Dibromochloromethane a

I I , 2-Trichloroethanea ND N D
cis-I ,3-Dichloropropane a

Chioroethylvinyl ether ND ND
Bromoform ND NP
Tetrachioroethaneb ND ND
Tetrachloroethene b

Chlorobenzene ND N D
Dichlorobenzenes ND N D

Surrogate Recovery, %6 88 62

Analysis Date: 1/14/86 4/18/36

602 Results (peg/)

Benzene ND ND
Toluene 0.3 ND
Ethylbenzene 0 .5 ND

Chorobsnzenec ND ND
Xy yenes ND ND
Dichlorobenzenes ND ND

Analysis Date: 1113/86 4/17/S6

%6 Surrogate Recovery 94 104

Oil & Grease (mg/I) 0.8 10~
Phenols (Ig/I) 22 2
Metals8 (jig/I) l

Barium <5021
Pesticide/Herbicides (jig/I)

Lindane NA 0.12

Footnotes:
-Acurex report number, refer to sample No. 810484 (601/602), 810485 (Oil

& Grease), 810487 (Phenols), 810486 (Metals), beginning on page H-258
in Appendix H.

2 -Acurex report number, refer to sample No. 906043 (601/602), 906044 (Oil
& Grease), 906045 (Metals), 906046 (Phenols), 906047 (Pesticide/Herbicid4es),
on pages H-347, 338, 320, 305, and 3 12/334 (509A/309B), respectively,
in Appendix H.

a -These compounds coelute
b -These compounds coelute
r Chlorobenzene and meta..xylene
d -Ortho-xylene and para-xylene
e -Below normal laboratory background level

f Confirmed by CC/MS Method 624 (For PCA/PCE, only PCE found)
g -As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
h -Below concentration found in method blank
NA -Not analyzed V8
N D -Not detected PS



TABLE IV-37. Groundwater sampling results for Radian Well No. I at Beale AFB, California.

Round I Round Z
4116/36

Not Taken 8604-0371

601 Results ()jg/1)

Chloromethane-. ND

Bromomethane . N D

Dichlorodifluoroine thane -- ND

Vinyl chloride -- ND

Chloroethane -- ND

\Sethylene chloride -- ND

Trichlorofluoromethane -- ND

I, I-DCE -_ ND

I, I-DCA -- ND

trans-I 2-DCE -- ND

Chloroform -_ ND

I ,2-DCA -_ ND

l, 1, i-TC% -_ ND

Carbon tetrachloride -- ND

Bromodichloromethane -- ND

I 2-Dichloropropane -- ND

trdns-I 3-Dichlturopropane -- ND
TCE ._ ND

Dibromochloroinethanea
1, , 2-Trichloroethane

a  NnfD

cis- I,3-Dichloropropane
a

Chloroethylvinyl ether -- ND

Iromoform - ND
Tetrachloroethaneb -- ND

Tetrachloroetheneb

Chlorobenzene -- D

Dichlorobenzenes -- N D

Surrogate Recovery, % -- 30

Analysis Date: -- 4123/86

602 Results (Kt,/1)

Benzene -- 0.3
Toluene -- ND
Ethylbenzene -- ND
Chlorobinzene

c  
-- ND

Xylenes -- ND
Dichlorobenzenes -- ND

Analysis Date: -/21/86

% Surrogate Recovery 92

Oil & Grease (mg/I) -- S.A
Phenoll ( I) -- NA
Metals (MWgI)

Barium -- 70
Chromium -- 3

Base/Neutrals & Acids (mg/I)
Phenol 5.0

Footnotes:
f - Acurex report number, refer to sample No. 906150 (601/602), 906251 (Oil

& Grease), 906252 (Metals), 906151 (BNA), on pages H-350, 333, 320 and
325, respectively, in Appendix H.

a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level
f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.

14D - Not deterted

IV-82



TABLE IV-38. Groundwater sampling results for Radian Well No. 2 at Beale AFB, California.

601 ReSlts (ug/h)

(.ron et;i3ne 'tN
3romnoirethane NP N

D ichlorodi! 1uarot e thane Ni N D
V,nv1 chlor~de 11 N P
Chloroethane ND N D

\le-livlerie chloride4.er3
Tricr'lorofluoroinettjie N N

,i-DCE NP N)
,i-DCA ND N D

rn-I , 2-DCE N D

Chloroform N D N D
2-DCA N D N D
;l I-TC A N NP

Carbon tetrachloride DP %P
B ro, nodichl orom ethane N D N D

i ,2-Dichloropropdne NP NPD
trans- I ,3-Dichloropropane N D Nn

C Nn \D

Dibro,nochloroinethane"
: , 2-Trichlorciethane"a N D N D

cis- !3- Di chloropro panea

(:hloroethylvimyl ether INP
tl rornoform ND ND
-,-trachloroe thane t NPD NP17
7e trachlorot enea

C hloroben zene 3.4 N D
D,chiorobenzenes N P N D

Sujrrogate Recovery, % 112 87

Analvsis Date: 1/I 0/86 !,,'23/8 6

62Results(jgI

B~enzene 19 f 3.9 ( 1.)h
Toluene 2.3 ND
E-hyltienzene 2.8 ND
Chlorob nzenec 0.4 N D
Xy yenes 3 .4 NPn
Dichlorobenizenes 1.8 ND

3Analysis Date: 1 11/86 4/21186

N5 Sujrrogate Reco~ery :13 55

oil & Grease (mg/1) 3.9 .
Phenols (WOJI 28 NA
Metals 8 (two!

Barium 230 <43
Base/Neutrals & Acids (jigj)

Phenol 3 ND

F )Otnotes:
-Acurex report number, refer to sample No. 813408 (601/602), 810409 (01
& Grease), 8 104 12 (Phenols), 810411 (Metals), 810410 (BNA), beginning
on page H-234 in Appendix H.

2 -Acurex report number, refer to sample No. 906f1~9 (601/602), 906200 (Ojl
& Grease), 906202 (Metals), 906201 (BNA), on pages H-356, 339, 320, and
325, respectively, in Appendix H.

a -These compounds coelute
-) These compounds coelute

-Chlorobenzene and (neta-xylene
d1 Ortho-xylene and para-xylene

I Beiow normal laboratory background level
f Confirmned by GUCMS Method 624

g As, Ra, Cd, Cr, Ph, Hg, Se, A g. Those metals with concentrations above
detection lonits are shown, h-Confirmed by GC/MS at level in parenthesis
ujsing rpA Method 624 and SP- 1000 column.

NA Not .alyzrd
N4D -Not detected IV-83



TABLE IV-39. Groundwater sampling results for Radian Well No. 3 at Beale AFB, California.

Round I Round 2
/8/86 4/17/86

8601-013 1 3604-0372

601 Reslts (pei)

Chlorornetlsane ND ND
Broinornethane ND ND
D ichlorodi flIuorom ethane ND ND
Vinyl chloride ND ND
Chioroethane ND ND

M ethylene chloride 3 ge 0.5'
7richlorofluoroinethane N D N D
I,1-DCE ND ND

I - )CA ND ND
tans- I ,2-DCE ND ND

Chloroform ND ND
l,2-DCA N D ND

i TNND N D
Carbon tetrachloride ND ND
Brorrodichioromethane N D ND

I2-Dichlorapropane ND ND
trans- I , 3-Dichioropropane ND ND
TCE N D ND
Dibromochlorone t hane a
I,1 I, 2Trichloroethanea N D ND
cis- I ,3-Dichloropropanea

Chloroethylvinyl ether ND ND
Irofnoform N D N D
Tetrachioroethane b N D ND
Tetrachloroethene b

Chlorobenzene .

Dichlorobenzenes ND ND

*Surrogate Recovery, % 94 76

Analysis Date: '10/86 4/24/86

602 Results (Wia11)

F'cn/ene N D NDn
To);uene ).3 IND
Ethylbenzene 0.4 N D
Chlorobnnzene NDND
Ny venes N D N D
Dichlorobenzcnes N D N D

Analysis Date: 11!0/36 14,22,186

% Surrogate Recovery 98 92

Oil & Grease (mg/I) 1.3 2.8
Phenols (twoI 37 NA
Metals8g (ljg/l)

Barium <50 5

Base/Neutrals & Acids (IWOl ND N

roe tnotest.
-Acurex report number, refer to sample No. 8310404 (60 1/602), 3 10405 (Oil

& Grease), 110414 (Phenols), 810407 (Metals), 310406 (BNA), beginning
on page H-34 in Appendix H.-

2 -Acurex report number, refer to sample No. 906203 (60 1/602), 906204 (Oil
& Grease), 906212 (Metals), 906211 (BNA), on pages H-352, 339, 320, and
326, respectively, in Appendix H.

a -These compounds coelute
b -These compounds coelute
C- Chlorobenzene and meta-xylene
d -Ortho-tylene and para-xylene
e -Below normal laboratory background level

f Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
NA -Not analyzed

'4 Not detected
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TABLE IV-40. Groundwater sampling results for Radian Well No. 4 at Beale AFB, California.

Round I Round 2
/7/86 4/17/862

8601-009 3604-037

601 Results (tW0/I)

Chloromethane ND ND

Bromomethane ND ND

Dichlorodifluorometh 7-' ND ND

V nyl chloride ND ND

Chloroethane ND ND

Methylene chloride .
e  0.3e

T richlorofluorom ethane ND ND

1, I-DCE ND ND
i, I-DCA ND ND
trans- I,2-DCE ND ND

Chloroform ND ND

I, 2-DCA ND ND

I, 1, -TCA ND ND

Carbon tetrachloride ND ND

Bromodi chlorom ethane ND ND

i 2-Dichloropropane ND ND
trans- I, 3-Dichloropropane ND ND

TC E ND ND
Dibromochlorom ethane
I I, ,2-Trichloroethane

a 
a ND ND

cis- I, 3-Dichloropropane

Chloroethylvinyl ether ND ND
Bromoform NO ND
Tetrachloroethane b ND ND

Tetrachloroetheneb

Chlorobenzene ND ND
Dichlorobenzenes ND ND

Surrogate Recovery, % 73 55

knalysis Datet :/9/86 4/24/86

602 Results (tig/l)

Benzene ND ND
Toluene 0.7 ND
Ethylbenzene 0.7 ND
Chlorobjnzene

c  
ND ND

X yl enes ND N D
D ichloroben zenes ND N D

Analysis Date: 1/8/86 4/24/86

% Surrogate Recovery 162 96

OU & Grease (mg/I) 0.8 2.7
Phenols (J/I) 100 NA
Metals

8 (Ug/h)
Barium 60 160
Silver 30 <10

Base/Neutrals & Acids (tag/1) ND ND

Footnotes:

- Acurex report number, refer to sample No. 810296 (601/602), 810297 (Oil
& Grease), 810413 (Phenols), 810287 (Metals), 810286 (BNA), beginning
on page H-214 in Appendix H.

2 - Acurex report number, refer to sample No. 906213 (601/602), 906214 (Oil
& Grease), 906216 (Metals), 906215 (BNA), on pages H-352, 339, 320, and

326, respectively, in Appendix H.
a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level
f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
l; - As, 1a, Cd, Cr, Pb, 1Hg, Se, Ag. Those metals with concentralions Above

detection limits are shown.
NA - Not analyzed
,D - Not detected IV-85
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TABLE IV-41. Groundwater sampling results for Base Production Well No. I at Beale AFB, California.

R~ound 1 Round 2
I/8/36

Not taken

601 Results (11g81)

Chlorornethane ND --

Bromomethane ND --
Dichlorodifluoromethane ND --
Vinyl chloride NO --
Chloroethane ND --

Methylene chloride .9e --

Trichlorofluoromethane ND
:,i-DCE ND --
I , I-DCA IND -

trans- 1, 2-DCE ND --

Chloroform NO --

I ,2-DCA NO --

I, I, 1-TCA NO --

Carbon tetrachloride ND --

Bromodichloromethane ND --

, 2-Dichloropropane ND --
trans- I , 3-Dichloropropane NO --
TCE ND --

Dibromochloromethane
I, , 2-Trichloroethanea ND 
cis- I, 3-Dichloropropane

Chloroethylvinyl ether ND --

Bro~nolorn N --

Tetrachloroethaneb ND --

Tetrachloroetheneb

Chlorobenzene ND --

Dichlorobenzenes ND --

Surrogate Recvvery, % 136 --

Analysis Date: 1!J1/36 --

602 Results (ig/i)

Benzene ND --

Toluene 0.2 --

Ethylbenzene 0.9 --
Ch orob nzene' NO --
Xylenes NO --

Dichlorobenzenes ND --

.Analysis Date: 1/13/86

% Surrogate Recovery 103 --

Oil & Grease (mg/I) 0.4 --
Phenols (IzWl) 40 --
Metals g (141l) ND --

Footnotes:
- Acurex report number, refer to sample No. 810473 (601/602), 310479 (Oil

& Grease), 810480 (Metals), 310481 (Phenols), beginning on page H-236
in Appendix H.

a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
2 - Below normal laboratory background level
f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
NO - Not detected
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TABLE IV-42. Groundwater sampling results for Base Production Well No. 2 at Beale AFB, California.

Round I Round 2
/9/86 4/18/86,

3601-013l 8604-037'

601 Results (11)

C hloromethane ND 21 
f

Fromomethane ND 16 (16)
f

Dichlorodifluoromethane ND ND
Vinyl chloride ND ND

Chloroethane ND ND

\!ethylene chloride 1.0
e  0.2'

T richlorofluoromet hane ND N D

i I-DCE ND ND
[, I-DCA ND ND
trans-I 2-DCE ND ND

Chloroform ND 0.6 (2.4)
f

1, 2-DCA ND ND
I, I, i-TCA ND ND

Carbon tetrachloride ND ND
Bromodichloromethane ND 1.4 (2.9)

f

i .2-Dichloropropane ND ND
trans- , 3-Dichloropropane ND ND
TCE ND ND

Dibromochloromethanea
I, i, 2-Trichloroethane

a  ND 1.1 (2.7) f
h

cis- I ,3-Dichloropropane

Chloroethylvinyl ether ND ND
Bromoform ND ND
Tetrachloroethaneb ND ND
Tetrachloroetheneb

Chlorobenzene ND ND
Dichlorobenzenes ND N D

Surrogate Recovery, % 101 82

Analysis Date: 1/11/86 4/24/86

602 Results (uig/l)

Benzene ND ND
Toluene ND ND
Ethylbenzene 0.6 ND
Chlorobnzene N ND
X ylenes ND ND
Dichlorobenzenes ND N D

Analysis Date: 1/11/36 4/22/86

% Surrogate Recovery 104 f45

Oil & Grease (mg/I) 0.4 0.9
Phenols (la/) 33 37
Metals

g (Ug/l)

Barium <50 50

Footnotes:
- Acurex report number, refer to sample No. 810433 (601/602), 810439 (Oil

& Grease), 810440 (Metals), 310441 (Phenols), beginning on page ?1-235
in Appendix H.

2 - Acurex report number, refer to sample No. BP2-G2 (All parameters) on
pages H-353 (601/602), 339 (Oil and Grease), 320 (Metals) and 306 (Phenols),
in Appendix H.

a - These compounds coelute
b - These compounds coelute
' - Chlorobenzene and meta-xylene

d - Ortho-xylene and para-xylene
e - Below normal laboratory background level
f - Confirmed by CC/MS at level in parenthesis using EPA Method 624 and

SP- 1000 column.
g - As, Ba, Cd, Cr, Pb, Hg, Se, Ag. Those metals with concentrations above

detection limits are shown.
h - Dibromochloromethane confirmed by GC/MS.
ND - Not detected
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TABLE IV-43. Groundwater sampling results for Base Production Well No. 3 at Beale AFB, California.

Round I Round 2
/3/36 ' 4/18186

860!-013 ~ 8604-0372

601 Results (lig/I)

Chioroinethane ND ND
Bromomethane ND ND
Dichlorodifluoromethafle ND ND
Vinyl chloride ND ND

Chloroethane ND ND

Mlethylene chloride .1t6

T ri chlorof Iuorom ethanle ND ND
il-DCE ND N D
,li-DCA ND ND

trans- I ,2-DCE ND ND

Chloroform %D 0.03
l,2-DCA ND NDn

I , l-TCA ND ND
Carbon tetrachloride ND ND
Bromodichloromethafle ND ND

I,2-Dichloropropane ND ND
trans- I , 3-Dichloropropafle N D ND
TCE ND ND
Di bro n ochlororn ethane a

1,1 ,2-Trichloroethane aa ND ND
cis- I, 3-Dichlorapropanea

Chloroethylvinyl ether N D ND
Bromnoform ND ND
Tetrachloroethaneb N D ND
Tetrachloroethene b

Chloroberizene ND ND
Dichiorobeizemes ND ND

Surrogate Recovery, %119 68

Analysis Date: 1!11/86 4/24/36

602 Results (Wejl)

Benzene ND ND
Toluene ND ND
Ethylbenzene 1.1 ND
Chlorob~nzene NDD
Xy enes ND ND
Dichlorobeflzenes ND ND

Analysis Date: 1/1 3/86 4!'22/86

%6 Surrogate Recovery 105 104

Oil & Grease (mg/I) 0.2 1.4
Phenoll (*1/) 34 26

Barium 170 90

Footnotes:
- Acurex report number, refer to sample No. 310482 (601'602), 310483, (Oil

& Grease), 810437 (Phenols), 810436 (Metals), beginning on page H-236
in Appendix H.

2 -Acurex report number, refer to sample No. BP3-G2 (All parameters), on
pages H-353 (601/602), 339 (oil & Grease), 320 (Metals) and 306 (Phenols)
in Appendix H.

a - These compounds coelute
b - These compounds coelute
C - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level

f - Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g - As, Ra, Cd, Cr, Pb, Hg, 'Se, Ag. Those metals with concentrations ,above

detection uinits, are shown.
N D - Not detected
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TABLE P1-44. Groundwater sampling results for Base Production Well No. 4 at Bteale AFB, California.

R ou nd I Round 2
131/86 4,' /862

8601-01l31 W64-0372

601 Results 6411/)

C IcIroinethane ND N D
Eramomethane N D N D
.D,chlorodif! uorornethane ND ND
Vinyl chloride ND1 N D
Chloroethane N D N D

\iethyiene chloride 0.6 e.,
7richlorofluoroinethane ND ND
'l..i-DCE ND ND
i 1-DCA ND ND
:rans-! ,2-DCE ND Nn

Chloroform ND 0.02
,2-DCA ND ND
,i , -TCA ND ND

Carbon tetrachloride ND ND
B romodichlorom ethane ND ND)

* 2-Dichioropropdoe N D N D
trans- I , 3-Dichioropropane N D N D
TCE ND N4D
D ibro in o h lo rom etha nea
i I 2-richloroethane a ND ND
cis- I,3-Dichloropropane"

Clioroethylvinyl ether ND ND
[nroinoform 4nD Nf)
T'etrdchloroetiane bN V N D
Tet rachloroe thene b

Chlorobenzene N D N4D
D ichloroben zenes NDP N D

Surrogate Recovery, %6 54 73

Analysis Date: 1/1 1/86 4/24/36

602 Results (uig/)

Benzene ND ND
Toluene ND ND
Ethylbenzene 0.6 ND
Chlorob~nzenec DN
Xy enes ND ND
Dichlorobenzenes 0.5 ND

Analysis Date: t/11/,36 4/24/86

%I Surrogate Recovery 102 93

oil & Grease (mg/I) C.4 < 0.1j
Phenols (UWhl 46 33
Metals8 (lsig)

Silver 50 <10

Footnotes:
I Acurex report number, refer to sample No. 8 1044 2 (601,1602), 3 1044 3 (Oil

& Grease), 810444 (Metals), 310445 (Phenols), beginning on page H-235
in Aippendix H.

2 -Acurex report number, refer to sample No. BP4-G2 (All parameters), on
pages H-353 (601/602), 339 (Oil & Grease), 320 (Metals), and 306 (Phenols)
in Appendix H.

a -These compounds coefute
b -These compounds coelute

" - Chlorobenzene and meta-xylene
d -Ortho-xylene and para-xylene
e -Below normal laboratory background level

f Confirmed by CC/MS Method 624 (For PCA/PCE. only PCE found)
N s, na, Cd, Cr, Pb, Hg, ie, Ag. Thost- metals with oaie!it.'s.soc
detection limits are shown.

1) Not detected
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TABLE IV-4 5. Groundwater sampling results for Base Production Well No. 5 at Beale AFB, Californla.

601 Results (Wgh)

%D ND

Ne D2 N D
ND N D

CND N D

IND N D

N D

NND

E ND N

areD N D

5 : 3 Di rh. . re NDN

NfrrD ND

_eeND ND

ND ND
ND %ID

Phnls(e'e ND1N

Lea3 6 20/3

602 rexut reotnrn ,rfegosmpeN .3146(0162,)147(i

3c ~ ~ ~ ~ ~ N NDPs) 148(eas) J04 Peosbeinn npg -3
.1 NDeni H

* , xrpr um erfr1 Sa pl N . 0.92( llp rietr)

)agrs~N H- 3)(i ~es) 2 M tkad36(hNDi
ND NDpnd H

tD NDee -- ,-,tn sw lt

3 .5 se: -1/36nd coe'24 3

, 'tDrbnzn ~nr ~ eaxln

Lead ~ r- '3y Mehdt2'20,P ,olyP Efud

"" n.Iur 1 -reor n fmbe, refer T sampl No.jj 31446, 1101/602),31044 (bO1V
let -ee) 31244 ('"tl) 31!44 (Phtos) beinin o pgeH-

.~~~I -90nisH



TABLE IV-46. Groundwater sampling results for Base Production Well No. 6 at FEeal ,FP, a! r,

601 Results (ig/l)

(7 -. ro':ethane , ..

Dchiorodj f luorjetane '"

Vinvl chloride %" I
C '! oroethane N N'

tet:ylene chlor:de
Tr.chlorofuor0omethane ND
i, i-DCE ND

, -DCA I

trans- I , 2-DCE ND N'

Chloroform ND D

I ,2-DC -\ D

Carbon tetrachioride ND \,l

Br omodichlorom ethane N Nf

I, 2-Dichloropropane D
trans- I , 3-Dichloropropane % n

TCE
Dibromochlorone t hane"
I , I , 2-Trichloroethanea a% N[

cis- I 3-Dichloropropane

Chioroethylvinyl ether D

Bromoform ND
T e tach Ior oet Ia - eb

Tetrachloroeth e'e

Chlorobenzene ND

Dichlorobenzenes % NY'

Surrogate eoero , %

•%na,,sis Date: S-

602 Results (w/l)

Benzene ND N,'

Toluene ND
Etnylbenzene .
Chlorobsnzene ND ND
Xylenes ND ND
Dichlorobenzenes 'D ND

-IAnalysis Pate: 'l' . 2" S-

% Surrogate Recovery 78,

Oil & Grease (rg/I)
Phenol (IW,/) 9
MetaW (IWgI)

Barium 830
Selenium <!I

Footnotes:
I Acurex report number, refer to sample No. 310450O 0 /602), 8104 51 ' ;

& Grease), 8t045 2 (Metals), 8104 53 (Phenols), beginning on page H-2 16
in Appendix H.

2 Acurex report number, refer to sample No. BP6-G2 (All parameters), or
pages H-354 (601/602), 339 (Oil & Grease), 320 (Metals), and 306 (Phernls).
in Appendix H.

a - These compounds coelute
b - These compounds coelute
c - Chlorobenzene and meta-xylene
d - Ortho-xylene and para-xylene
e - Below normal laboratory background level
f - Confirmed by GC/MS Method 624 (For PCA/PCE, only" PCE Vound)

g - As, Pa, Cd, Cr, Pb, fig, Se, Ag. Those -etals ,,th ., . s mo.

detection limits are shown.

ND - Not detected
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TABLE IV-47. Groundwater sampling results for Ba-se Production Well No. 9 at Beale -NFP, Callforrn3.

601 Results (jig/I)

D, c ' Iorodi 1:uor o ne t haneNDD
Vinyl chloride N
C h:oroethane 4D ;

%Ae!tylele chloride g9 e

T r c fl oro f Iuo ro, n e .hane N '

l . -DCE N D
1 , -DCA ND
,rj's- I 2-PCE N r

Chl oroform N D ND
i 2-DC A ND NDr-

N -7A D N D
Carbon tetrachloride %D ND17
Brornodichloromethane N D ND0

1,2-D ichi oropro pane N D N D
.r ans- I , 3- D ichi oropropa ne N D ND
7CE N4D

I , 2-Trichloroerthane a N D N D
cis- I ,3-Dichloropropane a

Chioroethylvinyl ether ND No
Bromoform ND ND
'etrachloroethaneb N D NDP

Tetrachloroethene

Chtorobenzene N D N D

D~chorobenzenes N D NDr

Surrogate Recovery, %129 56

- nayss Date: 'il,'86 .2416

60? Resuts (jig/I)

'o uene ND ND-
E Ethjlbenzene 0.4 .
C hloron zenec N D N D
X enes N D N D
1) chfloroben zenes NI) N D

'knaflvsis Date: 4 4,,S 246

'i Sirrogate Recovery 99 !07

Oil & Grease (mg/I) .8
Phenols (Igh) 30 27
MetaJs9 (jig/I)

Barium 70 1 <40

Footnotes-
I Acurex report number, refer to sample No. 810454 (6011602), 810455 (Oil

& Grease), S10456 (Metals), 810457 (Phenols), beginning on pages H-236
in Appendix H.

2 -Acurex report number, refer to sample No. BP9-G2 (All parameters), on
pages H-354 (601/602), 339 (Oil & Grease), 320 (Metals) and 306 (Phenols),
in Appendix H.

a -These compounds coelute
b -These compounds coelute

-Chlorobenzene and meta-xylene
d -Ortho-xylene and para-ucylene
e -Below normal laboratory background level

-Confirmed by GC/MS Method 624 (For PCA/PCE, only PCE found)
g -As. Aa, Cd, Cr, Pb, Hg, Se, Ag. Those metals ith concentrations ahove

dete,-u tir i's are shown.
NDl Not dete,-ted
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-~ , ~ * - > 1~ ~ t odi;) - It t I t t Il I * T A~ rrod i

,t.. *.. .. .1 d ,'', , r -(-/erj! i rs. T he pump s em iin

.. ri'> ,t '  A," s vo ' ' ", ', pi e re ,ole-ted ir in g -either sa rplIn g

,)rP ~ Ao 'el! No. ,i ut of ,er/ie in -\pril 1986 and no ,aiiiple

V-'snow tme o 'ulO on of

," = " 'd' ', ri iet ,-t e!, . xeds at other ,ites hao e been shoAn on prc mious

a;,)r[t if Aells ,anpled at Peale had no significant

,'r, er tr t ions f th-e he', - -i I for xhich they were analy zed and thus pro wided no

has. fr 1- ,ar,' g results from the two rounds. dIost samples howed low levels

,f " e t,.ene hloride .)r eth', lbenzene in EPA 601 and 602 analyses. This is

orsi-erc- lahorator.-inducevd , ontamination and was 'erified by the detection of

these o'pourds in field and laboratory blanks at lemels equaling or exceeding

those fud ,n sa'i pIes. Table lV-t summarizes the results of field blank analyses.

Vet' ,.ene ,-hlor:de w as 'nore Jbiquitous in groundwater samples than ethylbenzene;

r'e latter .as not reoorted present n field blanks. Ethvlbenzene was an analvtical

ntarrim na it th.it ,hoA.' ip sporadicallv in samples and !aboratory blanks on a

'At , - h Ia h) iS s.

T)luene whas .Ietected in many of the sam ples taken during

Rjin .it oncentrations as high as 16 ugl. This compound was found to be a

field , ontarrinant resulti-g from a particular brand of electrical tape used in the

Xwll purging process. Electrical tape was used at 10-foot intervals to secure the

wiring for the submersible pump to the discharge line. The tape was placed so that

it w, as not under water, but some water cascaded down the discharge pipe as the

pump was removed from each hole and came into contact with the tape. The

contariination potential of this tape/wAater contact was confirmed through analysis

of a VOC sample prepared by placing a piece of electrical tape in organic-free

water. The sample contained a significant level of toluene (2500 jg,/I). Different

brands of tape were found to contribute different amounts of toluene to water, and

the fact that several different brands of tape were used during the Round I

sampling program may explain why the toluene results iaried greatly. During the

second sampling round, no electrical tape was used, and toluene was not detected
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T-BLE IV-48. Summary of Field Blank Contamination.

axi inum
Concentration

Found iII .e "-Ct
'\nal yte Field Blank Limit Units

',Ieth. lene Chloride 2.3 0.2

(hloroforn 0.8 0.05 ig1

, ,I-TrichIoroethene 0.45 0.03 I

TCE 0.5 0.1 ug/l

Eth Ilbenzene 0.7 0.2 ug/l

Oil and .rease 3.6 9. 1 ug/l

Total Phenolics 17 1.0 ug/I

3r i WT 50 50

Sit ,er 30 10 ,

! s(2-Eth Ihevl)Phthalatt- 14 2 wg/I

Phenol 4 2 1
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in jny of the samples from this round. As a result, all toluene results are

:onsidered to be field-induced contamination.

li' wells showed detectable levels of oil and grease (O&G).

Precision was poor for the field O&G QA/QC data, and comparison of inter-round

O&G results also showed poor correlation. Monitoring Well 01-01, sampled in two

rounds three days apart, showed O&G values of 2.1 mg/l and 8.5 mg/l. O&G was

detected in-field blanks and laboratory blanks, indicating laboratory-induced and

possible field-induced contamination. As a result, the validity of the data cannot

be confirmed and none of the O&G concentrations are considered significant. No

regulatory standards for this parameter in groundwater exist.

Total recoverable phenol was found in most of the groundwater

samples. However, the data did not correlate well between sampling rounds, and

this difference is probably attributable to laboratory and/or sampling error and

may not represent time-dependent changes in groundwater quality. Quality control

data also indicate very poor intra-round precision for this method, as well as high

background (field blank results were 9 and 17 pg/l for total phenols). Based on this

information, wells for which total phenolics levels exceeded 20 1g/I for both first

round and second round samples were considered to be significantly elevated above

background. Base Production Wells Nos. 2, 3, 4, and 9 met this criterion.

Relatively high levels of total phenolics were also detected in Well 02-01 and

Radian Wells Nos. 2, 3, and 4, but two data sets for this parameter are not

available for inter-round comparison. However, these four wells (Well 02-01,

Radian Wells Nos. 2, 3, 4) were also analyzed for acid-extractable priority

pollutants (EPA 625), which includes speciation of eleven phenolic compounds. No

direct correlation of phenolic compounds was observed between the two analytical

methods. Further discussion of this parameter along with quality assurance/quality

control results for the sampling programs is included in Section IllI. E.

Analytical results from this sampling program show that four of

the wells AV installed, representing three sites at Beale AFB, are contaminated

with pollutant levels meeting or exceeding California Department of Health

Services (DOHS) action levels. These are:
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Site I (West Drainage) Well 01-01, TCE contamination

Site 2 (Injection Wells Nos. 1 and 2) Well 02-01, phenol

contamination (one round only)

- Site 13 (Landfill 1) Wells 13-01 and 13-02, TCE contamination

In addition, samples show that three wells installed by Radian

Corporation at the Photo Wastewater Treatment Plant to fulfill RCRA

groundwater-monitoring requirements are contaminated at ievels meeting or

exceeding DOHS action levels. These are:

- Radian Well No. 1, phenol (one round only) and chromium (one

round only) contamination

- Radian Well No. 2, benzene (both rounds) and phenol (one round

only) contamination

For this investigation, the criteria for establishing the signifi-

cance of analytical findings must take into account the following factors:

- The level of quantification (LOQ) for the analyte of interest,

which is typically calculated as five to ten times the method's

detection limit.

- The reproducibility of the measurements, both within sampling

rounds and between rounds.

- The DOHS action levels for applicable parameters. Parameters

for which action levels are not specified are assessed using other

accepted water quality standards and available toxicity data.

In determining whether a finding is significant, after the data

have been reviewed for validity (laboratory and field Quality Assurance/Quality
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Control evaluation), the first step is to determine whether a DOHS action level has

been established for the parameter. DOHS action levels and other water criteria

are presented in Table IV-49. In some cases, the action level is below the LOQ for

a given nrameter, Thk situation occurs tor the tollowing parameters detected at

Beale AFB:

- Benzene. The action level for benzene is 0.7 g/il, and the LOQ is

a minimum of 1.0 jig/l using EPA Method 602. Benzene was

detected at 0.9 hg/l in samples from both rounds at Radian Well

No. 2.

- Phenol. The action level for phenol is 1.0 )jg/l, and the LOQ is a

minimum of 10 jg/I (five times the minimum detection limit of

2 jg/l) using EPA Method 625. Results from EPA Method 420.1,

which determines the presence of total phenolic compounds, are

not applicable to the phenol action level because the method

quantifies all phenolic compounds, not exclusively phenol.

- Selenium, Silver. These elements were detected at or below the

LOQ in two base production wells at levels meeting or exceeding

federal primary drinking water standards.

In several instances, analytical results were above action levels, but not repro-

ducible between rounds. These are:

o Site 13, Landfill No. I

For the first sampling round, TCE was found in Well 13-02

at a concentration of 106 jg/l, but was only detected at

0.4 Ig/l in Well 13-01. Second round TCE results were

26 )g/1 for Well 13-02 and 28 ug/I for Well No. 13-01. This

large variance may be caused by a number of factors:

sampling error, analytical error, time-dependent changes in

groundwater chemistry between sampling rounds, or the
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TABLE IV-58. Action Levels Recommended by the California
Department of Health Services, December 1986

Action Level
Chemical parts per billion (ppb)

Pesticides
Chlorinated Hydrocarbon

Aidrin Limit of Quantification (0.05)
a-Benzene Hexachloride 0.70

(a-B HC)
b-Benzene Hexachloride 0.30

(b-BHC)
C hlordane 0.055

Dieldrin Limit of Quantification (0.05)
Heptachlor 0.02
Heptachlor Epoxide 0.10
Pentachlorophenol 30.00

Organophosphate
Dimethoate 140.00
Diazinon 14.00
Ethion 35.00
Malathion 160.00
Methyl Parathion 30.00
Parath~ion 30.00
Tnit on 7.00

Carbamnate
Aldicarb 10.00
Baygon 90.00
Carbaryl 60.00

Phthalam ide
Captan 350.00

Am ides
Diphenamide 40.00

Fumigants
Dibromochloropropane 1 .00
I ,2-Dichloropropane 10.00
Ethylene Dibromide Limit of Quantification (0.02)
Chloropicrin 50.00 (37.0)*

Miscellaneous
Terrachlor 0.90
(Pentachloronitrobenzene)

* Taste and Odor Threshold



TABLE 111-58. (can't)

Action Level
C hemi cal parts per billion (ppb)

Herbicides
ClPC 350.0
(isopropyl N (3-chlorophenyl carbamnate)

Bolero 10.0 (Tentative)
(thiobencarb) 1 .0*

Ordram 20.0
(Molinate)

G lyphosate 500.0
A trazine 15.0
Simazine 150.0
Bentazon 8.0

(Basagran)

Purgeable Halocarbons
Carbon Tetrachloride 5.00
1 ,2-Dichloroethane 1.00
1, 1-Dichloroethylene 6.00
Methylene Chloride 40.00
Tetrachloroethylene 4.00
1,1,1-Trichloroethane 200.00
Trichloroethylene 5.00
Vinyl Chloride 2.00
Cis- 1 ,2-Dichloroethylene 16.00
Trans-I ,2-Dichloroethylene 16.00
1, 1-Dichloroethane 20.00
1,1, 2-Trichloroethane 100.00
Freon 11 3400.00
Freon 13 18,000.00

(Action Level for Cis and Trans 1,2-Dichloroethylene is either for a single isomer
or for the sum of the 2 isomers)

Purgeable Aromatics
Benzene 0.70
Monochlorobenzene 30.00 (3*
1 , 2- Dichloroben zene 130.00 (10)*
1 ,3-Dichlorobenzene . 130.00 (20)*
I ,4-Dichlorobenzene Limit of Quantification (0.5)
E thylbenzene 680.00 (?9)*

(Action Level for dichlorobenzene is either for a single isomer or for the sum
of the 3 isomers)

* Taste and Odor Threshold

IV102



TABLE WV-58. (con':)

Action Love!
Chemical parts per bi!'on (ppb)

Toluen.? r00.00 r
Ortho-Xylene 620.0
Para-Xylene 620.00 r
%i eta- Xyl ene 620.00

(Action Level for Xylene is either for a single isomer or the sum of h
3 isomers)

Phenols
2, 4-di methyl phenol ~C.0

Phenol I . C0* (for :hior~ral-

Aldehydes
Form aldehyde 3 0

* Taste and Odor Threshold
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nature of the groundwater flow. There is no evidence of

sampling error, as field QA data was very good for Site 13:

blind field duplicates of the first round 13-01 sample and
the seconid -..... d 3 -4 01 

"  
-1 ..... pie were r.4 . .. .. rLlt L UI *sr k -A(anpc U E J.t I QFB.J

28/29 wg/l for TCE, respectively. Field blanks from both

sampling rounds contained no detectable TCE. Laboratory

QA data was also very good for Method 601.

Thus the groundwater data from Site 13 show that: TCE is

present in Wells 13-02 and 13-01 at levels above the LOQ

and DOHS action levels, but the magnitude of TCE

groundwater contamination is impossible to assess without

further sampling and analysis.

o Site 2, Injection Wells Nos. I and 2

Phenol was detected in the first round sample from

Well 02-Sl using EPA Method 625, but was not detected in

the second round sample. The level of phenol reported for

the first round sample was at the 2 lig/l method detection

limit. This level is well below the LOQ and indicates only

that phenol was present; it should not be interpreted as an

accurate quantification. Thus, the data are not conclusive

in defining the extent of groundwater phenol contamination

at Site 2.

o Radian Monitoring Well No. 2

Phenol was detected in Radian Well No. 2 at a level of

3 ug/l for one sampling round only. As with Well 02-01, the

levels of the contaminants detected in these wells are below

the LOQ and therefore are not conclusive.
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o Radian Monitoring \Well No. I

Chromium was detected in Radian Aell No. 1 it .Y' :. i

the second round sample. The well wa sanpled onl ,..

due to an obstruction in the well during Sampling Pa,,r :,

so reproducibility could not be determined. The ,hr>r,

value was within quantifiable range, since the

LOQ is 50 ig/l. The federal prirnar drinkinw k

standard for :hromium is 50 ig/l (0.05 rg/I). PI"I

Corporation has also detected chromium in this xell :n ,

same concentration range (71 to 100 iig!l) (Radian, 19? ".

While current data indicate that chromium is pr,'t-....

further sampling and analysis will be required to de're r Irf.

the extent of chromium contamination in Radian \Aell \. . '.

Phenol was also detected at 5 ig,'l but, like the , hrorm.-'

finding, was not confirmed with two rounds of sar.'

o Base Production Wells Nos. 4 and 6

Silver was detected in Base Production Well No. i .t .1-

federal primary drinking water standard of S I r,'!

the first round of sampling. The sample from the se,-n~

round at Base Production Well No. 6 had a seleni;mr

concentration of 30 wg/l, which is abore the felCr, -

standard of 10 jig/l. Since each element was detected ."

only one round at or below I OQs, these leiels are -o

considered significant.

In summary, several wells sampled at Beale -FR as par, of

this investigation had levels of contaminants exceeding DOH; and federal

standards for drinking water. However, due to lack of reproducihlit, ,)r

contaminant levels below the method LOQ, conclusions concerning the presence

and extent of contamination cannot be drawn. Only the following results irf,

considered significant (see page IV-, 0:
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Iaditan A eIbI Nos, I :ind 2. However, none of the ndngs
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TABLE IV-50. Surface water sampling results from Site 1, West Drainage Dit-h.

,.,.',IV;, ~Sa ;we N " -o - ,r- 2,- .

12- 8,U07 7

b0l ResWul (mg'l)

.... etA- N NO NA Nr) %A .
. " ""."'o NA ND NA N r % A

.N ,A NO NA ND %A
N A ND NA % NA

* " e 'ae N's NO AN A"

N ND NA NP2 NA

* * ' ' NA NONA %.Z' NA "NA Nn N 1
,  

N n NA

.'NA ND NA NP NA "

N A NO NA NP NA%,
N A "ND NA ND % A
NA ND NA N[ NA

NA NO NA ND NA

NA NO NA NO NA%0 A ND N4A %N N A

0% ether NA, ND NA ND NA
N NA NO NA N% NA

%A %D NA NP NA
NA N NA %0 %A

NA NPNA NP N

NA %D NA, NDA

NA N

* . 515 A NP NA N NA

-% A % tD %'k %" % A

" %N %A N %A

~%A 2' "'" NA'P.A W'NA

N A

<20% aOA NP0 N A PN

NA NP NA, NN NA

'i0 -. . .. NAA25'

'5". "5'" $.' NA% 2,:11 tl*, I is I ., NA ,J.I , 'IPS" ' -,!

A' NP NACN

* ' -r lut t NA~- , N, NA N2 NA

* " NA NO , NAre- NP N' s olow

5.K Ap me., %A

• ' • L 1-
'

. ' . {P, 3-928 , 0s, .'6 ,, 5.u

CA . '1" *. -I'S 1,A

* ~ ~ ~ P, H~ 0', '.t.

* . . a". '', p*'a-H
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S'';, ',J f l ,l ,r '.r,,e ,

~1ira~e Aat4r an hot~ri i~~ire~ Iapl' r 4r4 T i it r

' ilt' ':ir1"'r (Creek Lit fou [r 04 Itirit Adtjacent to ma'i tive La ndfill to. i'tI'rl ,'4"

w.hether the 'indf ll is leac-hing pollutants into the r.r'k (NCe, rFgir#' I\ - .

Sam pie 13- 01 Was taken ulpstream o f the landfill, a{nd Samples 3 ' , ]-' '*"
3 ]-f~l '4 ere taken adj{en t to and( downstre f it. Plt tlof srJl r r t I, 'r I '"

W ere roller-ted ait each water '4ampl~ng location from '2 to '2.9 feet in lepth. Tah',,
IV -9? and IV -93 g,/e the results.

IV -I I I



000 0
.2.2 z u

C CIA
. -

. I CC

fl.

45.

WMI

tv -1 f 2



TA\BLE IV-52. Surface water sampling results from Site 13, Landfill 1.

9s;. i..;8 .9 at, 4/16/S*6, I 19/9 1

*NN'Nn NO N 0 NO' NIO
*ND % I, Nn NO0 N ( NDNY

Nil NI N D NO N4D N D N 0
% .)ND N D N D N0 NOD N D %D % -
N j ND ND No N D N D NO N

ND .. NO 3.9- ND -22-'

% :.''9.ND NO NO NO0 NO ND4 N D %:

NDNO NO NO NO NO ND N
%D ND -4D NO N D N D ND N%

LNP ND %D NO NO NO N D N"

2.)9 i,; 0. L20.

%D N1D N D ND NO ND N4D N%
%D %D ND NO ND ND N D NI
ND ND ND0 O0 NO ND ND % p

~'ND -. NO 30 ND 11 N

D N N Nt)D NO N ND %ND

NDND ND ND ND ND N% N:

ND% NDN D ND N ND

.rc'~~ 21 DN D ND0 ND DN

9 ~ N7 N D ND NO N D N D %D
ND ND ND NO ND ND ND N)Ii"Nil ND ND ,ND ND ND)

NY' ND ND0 ND ND ND NY

ND ND NONO ND %P

21/V .24 3 It2

N% DN NO NDNN Y

D0 21 N4D % N

N' NDoC NDO3 Y
I'' D D ND ND ND

%Y N"% ND NDPN

* " ,'NDN NDN

a- C. % .:,1 611 . -.. 59 -V s l l l ' 9, 4- - .! oe

* ,9. , P-0 - 1. .10 21,1- -. * 11. .1 01. 6- 5 b-.. V.6

N., V,6, It 4- 6NDat 1 et d 4 ~ ,0 1W ,314161.10 . P.

Pat.L .

a, "IPc

IV-1 1



C,' C) 0)0C

0 C)C p *C

V,(: L -W

~4

C *,

4c

- C

-I -, 1



L ow keeV o f the organochlor ine pesti idles gam,,,i- H('

(L.,nda-n') and \ldrin and the chiorophenoxy herbicide 7 i4-dichlorophenoxa, et:,

acid \>.D)e rv detec ted in the \kater sam pies. Lindane xaiz found at !,iek

a.oethe I-Ok' in al! bumt one sample from b)oth sampling rounds and is theCrefo)re

nsidered Lo be significant 1~D4~ I ilg '0. No action level .5 ,peci fied for

L ind(Ia ne. -\ldrin \;as detected in all of the second round samples at concentrations.

n)ear the mTethod detection limit and wkell beo the LO'Q. The action leiel for

I*\Vin. A hich .s C. ug'I , \A , equaled or exceeded for each sam ple colle, ted

2' ir ng the second ound. %o -Nidr in xas dIetected during the first round. T ',e(

no0're- )roduii- ihlt between sam pling rotinds does not necessaril indicate sam ):ing

o)r iia! *o al error, givien the 2sai ature of '.urfacri \ater s~stemns is oppose'!

!" rofindIter. N\Irin ind Li rane are reiatiek persistent and stable in t'-e

em I.I''Ten)T, t-iough the :irohaihilits, that these oirpounds origirdte- It Landfill I

o te, , 'incv thev ip e.ns, i;)e wA-s re ported to con tair 'hot h, and the'r,, .s

a k'fr, t 7feasnig e rd C.~ t he A A on s t rea! ) sa 77)I e S. A~D I OMnIT OP

~e*.~s ett-,, n ~e a Ie't [mId'. Of 27and U.2 j Vg IAbo the

L~\'. i~t~ig ~oA, tmf 'eve: .' !ied for 2,4-P, heV prl'Tar rkngwe

Tei~ ~ '--P found -ire not ,o'msidered to

vv (- tr \,i r 1 w4 \6err -iot anak .,ed hs F r-N Method A'2

A j. Iolhng)? tj, _hi t i ahorator .nstr.inTent nIalfinction. \.i"C
A i ''si' m'*' -in'iwr I t pr, tl a daid latai set. No significant ieinls of

'C'Itf !~r I inSt sur fak r, \watr samrples.

) ot to! sed men Tf-rt ,v pies Aere h)e ! ow a kground f or the

etri~k:1 No f irthe, ivrnimiant e iidrnceF of surface \Aater contari!na-

.~' f ound it I Ite !I.

~ t ' !i A

No Jurf V' wATeCr r is ta'I Vn.
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o Site 17 -- Best Slough

One surface water sample \as taken at S1 e !'. : I-,'

(Figure lV- 18), to etaluate potential contarn ination due to , stju Pe, tei 'r i-

disposal area near the slough (see Table IV- 54). \ iolatile organic ',A'!

k-ollected during the first sampling round in N'ovember 19S 5 was -,)t an al.,( '

EP-N Method 602 within the specified holding time due to a laboraitor Ir>tr

malfunktion. .Nnother volatile organic sample was taken and ana!./ed ' ' nj,

1936 to provide a valid data set. No volatile organics were found.

I1. Significance of Findings

1. Possible Contamination Pathways

N number of geologic and hydrologic factors affect the 'tr

of contaminants from the surface or shallow subsurface into the water table. T

first, and most obvious, is that many industrial areas on base are on fla tnrrar"

therefore, runoff rates are low. This allows rain water, and p.)tenti.il s1ap1k. to t-

retained for longer periods in one area, giving time for infiltration to occur. \Vost

of the upper soils are relatively permeable, but there is a well-defined hardr.a'"

zone under some areas of the base that will inhibit downward migration. In tho'-e

areas where the hardpan laver has been breached (by landfill trenches, etc.) or Joe,

not exist, infiltration to the underlying strata may be fairly high.

If a spill does occur, the liquid will migrate downward through tVe

,msaturated zone with some lateral spreading. The rate of this Jownwar.,

migration will depend on the soil type, the type of contamination, the tolume ,of

liquid involved, and the precipitation rate. The downward migration of the liquid

will eventually be stopped by retention in the soils, an im.permeable barrier, or the

water table. If the migrating contaminant encounters a large enough volume Of

soil, all of it may become trapped in the soil's pore spaces and immobilized before

it reaches the water table. If this is the case, the immediate problem of

groundwater contamination may be averted. A further addition of norm'
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f.f:Jtratjng riirf all may reactivate the plume and continue i
-, . : : 'r'i: ra: 1::4ratlon.

If the contaminant encounters an impermeable barrier (such as

:k.:' ,pread out along this layer in the down dip drection until it

* '"-:. , .': zed v soil retention, If the contaminant reaches the water

, ,en quantittes, degradation of the aquifer down gradient *'

The production zone for most wells on base begins at approxi-

. ..<' foet helow the ground surface, in the water table aquifer. The

:. :~', , e -roduction zone generally consists of alternating layers of sarc,

-a. , of ;arring permeability. The rate of percolation to the

-- , ":xe -s "]her in those areas where the overlying beds are predon,,i-

7. zr sa-d ard silt, rather than clay.

N\ ,Ljnuter of pathways are possible for upper strata contaminat.

.... :'roduction zone. The primary pathways are shown in Figure IV-".

ftrtoc'n and leakage from the upper strata into the production -o-e

'e confining laer. The source of the leakage is at an up gradient

:s .s especially critical where the overlying strata are permeable due

" - i ear the surface. A contributing factor to this pathway of polluta-:

o rO uction Aells is the placement of well screening in relatlie.!

,. etr'--eahle zones. In some of the production wells, perforation beginis .

a.ix as q feet. This upper permeable zone would be the first stratum to he

ta: ,:ted, and wells which tap these shallower zones in areas Ahere

!,i nat.on exists are likely to become contaminated.

- second contamination pathway is the vertical movement t

7-,..,;:ajrts from a contaminated shallow aquifer, down the annular space of a -eH,

* :oker aquifers. This is a common source of pollution in old wells and is relatn

:x ist kell construction practices where no seal or an inadequate seal k

lied between the surface zones and the deeper zones from which water
: ' ;nto the well. This ,ituation can cause problems in two ways. If the \ell

: t,-, the contaminants will be drawn down through the well's gravel pack an
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v )Irr p'i kip into t he woter i ,t pi P te '1 :v ri r1'ne r

miuf! ping, ,ontaminants, an flow down thle graie1 ;),i( -.r( h r; t'f r) r,
,per

the aquifer. This contaminated aquifer %ater m.v ,e purrped Into ,it-r

from the Aell that is Providing the contaminant path or fror other deep we!!" '?,A

gradient.

Another way for contaminants to spread to lower aquifers

through inactive wells which have screens in two or more aquifers. In such caso-,,

water may enter the upper screen, flow down the inside of the well, and exit

through a deeper screen into the aquifer.

The water table aquifer on base is found in either the Laguna

Formation or in the transition zone between the Laguna and the underlying

Xlehrten Formation. Water percolates slowly through the Laguna Formation, which

has much more clay and silt than the overlying gravels. Because contaminants

travel slowly, they are more likely to sorb onto clay or silt particles, which would

inhibit passage into the groundwater.

2. Site-Specific Findings

o Site I -- West Drainage Area

The West Drainage System drains surface runoff from the flight-

line and the runway area. Runoff is carried through a culvert that runs under the

flightline and discharges through a headwall located about 800 feet west of the

main runway. The water flows into a natural ditch and channel that flows to

natural depressions in the pasture lands further to the west. During heavy

precipitation, water from the West Drainage flows off base. Because of historical

problems with hydrocarbons flowing out of the West Drainage culvert, the civil

engineering roads and grounds division has placed three oil-absorbent booms have
been placed across the stream immediately downstream of the head wall.

Surface water and bottom sediment samples were collected in

January and April 1986. Significant findings include apparent jet fuel floating on
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"' I' I A t tr*J )I I the I I .:t ;r.f t O 1 H , ( 1 . lg r , .. ",

i t m, rtr<ton 0 I f the AetOf.i ')ufdOt' kJd trft'iC, ',ati, %. , V

doviilr i nt ow tred!, of the oil )oortis, the surf ce water cOrntat l ati of

dropped I rJ,.t c:l] ; howe er, sediment srt pies were highl) coitarri iated

and there Aas ,isuall e'vidence of substantial h~drocarbon content in the soil under

the streatu bed. Downstream surface sediments contained 33.000 g/g of oil and

grease and 41S Wg/lg of lead. Figure IV-26 shows the significant results from this

site.

Between the first and second sample rounds, a groundwater

monitoring well was installed near the headwall. The well was not installed prior

to the first sampling round because weather conditions precluded equipment access

to the site. Two samples were taken from this well, but they were both collected

three days apart during the April sampling round. The groundwater beneath Site I

contains trichloroethylene (TCE). TCE concentrations were found to be 100 and

58 lig/l in these two samples, well over the state action level of 5 lg/I. No other

contaminants, including O&G, were found in this well (TCE was not found in the

surface water). Figure IV-27 shows the significant findings for all wells sampled

during this study.

Site I is generally upgradient from the base well field. Common

well construction practice at the time the base production wells were installed was

to gravel-pack the entire well from about 50 feet below ground surface to the total

completed depth of the well. Individual water-bearing zones were not isolated

from one another. Various base wells are perforated from as shallow as 93 feet

below the land surface (BLS) to a maximum of 330 feet. The well at Site I is

screened from 98 to 18 feet BLS. Groundwater flow in this area is controlled by a

large pumping depression south and west of the base. Although no evidence of

contamination of the base production wells was found during either round of

sampling, if pumping patterns in the area change and natural flow patterns are

partially re-established, the entire base well field could be down gradient from

Site I. If water from Site I did reach the base well field, contamination could

move freely between aquifers, up and down the gravel pack of the production wells.
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T',e so;. D)orings Aere placed in locations where surface spillage

Aa thought to haie occurrec near two of the Aellheads and at the end of the

ppeime. It hac teen reported that Aellhead filters were cleaned or changed

perLodicall and that the plant effluent spilled onto the ground either during the

changing process or during backflushing. This ptocedure has not been used since

1984. The pipeline is periodically flushed by uncapping the end of the pipeline and

allowing effluent to flow out of the pipe. None of the soil borings showed any

evidence of contamination of the upper 12 feet of soil. The 16.5-foot sample from

Boring 4 was found to contain 30 Wg/g of pentachlorophenol (PCP), which exceed

the TTLC 17 ig/g. Unfortunately, no other samples from that depth were

analyzed. Whether additional contaminants exist in the deeper soils is unknown.

PCP is relatively mobile in soil. Use of it as a corrosion inhibitor in the effluent

has been reported. It is possible that the PCP has moved vertically through the

soil. Additional sampling at lower levels would provide further definition of

possible contamination.

\ ater samples collected from the well located with,-i five feet of

Boring 4 showed no significant concentrations of contaminants; however phenol was

measured at 2 ig/l in the first round. Additional work \%ill be necessars to

eialuate the poss,5iljt of deeper soil ontainination near the %eilheads and to



?~e '~f~'nai on Pent achiorophenol and phenol in soil, ground."k.'

'A ater samples wkere collected from the four previous'

-k-Ps. -Va> tical results from the first round showed 5 Ug/l of tota!

c 'er r-e'.eata~le, significant results were identified. Radian %l ei!Nc

ai-ein the first round because of an obstruction in the ~
"",r).c kas rormoved before the second round and a sample was tIe". 7

", e \xell ~A-s about 12.2. The sample from Radian Well No. I conta,T

-oa ncentraition of 5 Lig/l, and chromium at 80 lug/I. The prirnlar\ dr:'k.'

,:andIir1 for chrom urn is 50 ug,1l, as is the LOQ. The chromium p~r'e

s ors,,dered significant, although the repeatability cannot e ')e.

, 'ure !\-27). The chromium level very closek matches pre.io. ,e>

Ae1I (Radian, 1985), but the phenol concentration is mruch !o\Akr

result (5 u'lvs. 21 ug'!).

The fact that phenol and total phenolic-, v

wells is not surprising. These Compounds have heen fot.-

previous samplings and are constituents in the 'ate.:

the drying beds (Radian, 1985). The concentrations f

but are not extremely high.

o Site 3 -- Fire Protection Trii.nc

Contaminaition is usuall found .i:

reason this site was investigated -cr th~orouck . VP

fire pits in which w.asle oil, fuel and

practice controlling and extinguishing :t' .

the pit to evaporate or percolate. FPT-N No.

Five groundwater m~

effects of the FPTA on the water i' .-

fine-grained material and re, har,:
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produce fast enough to be useful for domestic or agricultural supply. The water

table is very steep in this area. The first confined aquifer, located below the water

table aquifer, is separated from the water table by 40 feet of clay. The head on

the confined aquifer in this area is such that any leakage between it and the water

table would be upward, which would serve to protect the usable ground water

supplies.

The analytical results from the five groundwater monitoring wells

indicate that no degradation of the water table has occurred. This is somewhat

surprising, given the history of problems at most FPTAs at bases around the

country; however, the presence of hard soils under the site and the limited use of

the training area have apparently helped minimize the impact to groundwater.

Eight deep soil borings (16.5 feet), three shallow hand-auger

samples (2 feet), and two surface sediment samples were collected to characterize

the shallow soils in the area. The only contamination identified at the site are

inside the berm of FPTA No. 2 and near the underground tanks used to store

solvents and POL waste prior to burning at the FPTA. Soil samples collected in

these areas show O&G (800 jig/g) and volatile/purgable organics (I ig/g) in soils

between the surface and 16 feet (see Figure IV-28). The lower extent of

contamination has not been determined, since one hole showed elevated O&G

concentrations in the bottom sample. Additional sampling around the underground

tanks and the bermed FPTA No. 2 will be required to determine the vertical extent

of contamination. Groundwater has not been affected by the activities of the

FIPTA.

o Site 4 -- Battery Shop Dry Well

One groundwater monitoring well was installed near the Battery

Shop Dry Well to evaluate possible contamination from this site. AV located the

monitoring well about 25 feet from the Dry Well, which is approximately 20 feet

deep. During well installation, AV encountered an area of discolored fine sands at

45 to 50 feet, which may have been caused by the neutralized acid which migrated

downward 25 to 30 feet from the point of introduction into the soil. However, the
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staining did not appear to be a layer of deposited metal. No visual indication of

dry well impacts was found below 50 feet and the groundwater beneath the site was

not contaminated. Any contamination resulting from past waste disposal practices

at the site appears to have been quickly immobilized in the soil. The practice of

dumping neutralized battery acid into the well was discontinued in 1983 and most

of the area is surrounded with asphalt, which would eliminate the driving force to

move potential contaminants closer to the water table. Evidence indicates that

Site 4 is not a threat to the environment.

o Site 5 -- SR-71 Shelter

One groundwater monitoring well was installed and six soil borings

were drilled to investigate for possible soil contamination at Site 5, the SR-71

Shelter. Aviation gasoline and other hydrocarbons spilled on either the taxiway or

the SR-71 shelter apron drain into the gravel area between the two. Surface

runoff is generally into the drainage swale and then along the swale to the storm

sewer inlet. The storm sewer empties at Site No. 1, the West Drainage. All of the

sampling locations were placed along the bottom of the drainage swale, with the

well near the sewer inlet. No evidence of groundwater contamination was found at

this site, but three of the soil borings showed hydrocarbon levels between 400 and

4000 ijg/g (see Figure IV-29). The highest concentrations of contamination were

found in the northern borings, nearest to the inlet. This area also has the greatest

visual evidence of spillage. The soil contamination is probably limited to a narrow

strip of soil near the drain, but no sampling was done away from the swale

centerline. The depth of contamination at this location is unknown, since all three

northern borings showed significant O&G contamination in the deepest sample

(16.5 feet). However, the hardpan soil and clay encountered during the drilling of

the monitoring well could protect groundwater.

Although groundwater in this area is 116 feet below the ground

surface and has not been degraded to this time, if present practices continue, it

may eventually become degraded beneath this site. The continued application of

fuel to the soil would serve as a driving mechanism to accomplish this. More
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sampling of the soil at this site will be required to determine the magnitude of the

problem. At this time there is some threat to groundwater, and the serious

problem is the contribution to surface runoff problems at Site No. I.

o Site 6 -- Landfill No. 2

Two wells were installed down gradient from Landfill 2. Four

additional wells were installed up gradient of Landfill 2 as part of the investigation

of Landfill 3. Laboratory results showed no contamination in either of the two

wells. The landfill operated from 1950 to 1980 and received some Photo

Wastewater Treatment Plant sludge b't no other significant quantities of

hazardous waste have been reported to be buried at this site. The soil's hardpan

layers and the silty Laguna Formation, which underlies the site, would help to

inhibit movement of any contamination from the surface. Landfill 2 does not

appear to threaten the environment.

o Site 7 -- Biological Production

The samples were collected from the top six inches of soil at

sixteen locations around an old biological production site and composited. The

analysis of the four composite samples showed no organic concentrations and only

sightly elevated silver concentrations (2.5-12 1g/g). The silver concentrations are

not considered to be significant in terms of environmental contamination. This

lack of serious problems was expected, since Army documents reviewed during the

Phase I record search reported that all chemicals used at the biological production

facility had been incinerated and that no contamination existed at the site.

Results of this sampling program support those documents. No environmental

contamination appears to exist in either soils or groundwater at this site.

o Site 8 -- J-57 Test Cell

One well was installed to monitor groundwater at the site of the

J-57 Test Cell, and six shallow hand-auger samples were collected in the drainage

ditch around the site to determine whether the soil had been polluted by surface
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unoff. Spills from the engine tests are washed off the pavement and into the

unlined drainage channel. Nothing significant was found in the groundwater. The

hand-auger sample at the upgradient location contained 700 I1g/g oil and grease and

1400 pg/g petroleum hydrocarbon at the 1.5-foot level. This corroborates visual

observations of oil stains at that location. The test cell fuel storage tank is above

ground in a bermed area. Chances of a spill that would cause widespread

contamination is low. This site has no evidence of groundwater contamination or

of widespread soil contamination.

o Site 9 -- Entomology Building 2560

Soil samples collected at Entomology Building 2560 showed

localized contamination. This building is currently used for storage, mixing and

cleanup (container rinsing) of pesticides and herbicides used for weed and rodent

control at Beale AFB. Part of the mixing and cleanup operation is conducted in a

small 6-foot by 6-foot gravel-mixing basin on the south side of the building.

Rinsate or spillage is discharged onto the ground. Soil immediately down slope

from the gravel basin has no vegetation. This appears to be the result of

contaminated surface runoff from the mixing operations.

The soil sample collected from the 1.5 feet below the gravel basin

contained 0.9 ig/g of the insecticide chlordane. Chlordane was also found in the

6.5-foot sample, but at only 0.1 pig/g. Chlordane concentrations found in both

samples are well below the state Total Threshold Limit Concentration (TTLC)

value of 2.5 I'g/g. No other contaminants were found in the mixing basin. A boring

was drilled in the bare soil down slope from the basin, but no contamination was

found in samples from that location.

The presence of chlordane in the shallow soils indicates that

localized contamination is occurring as a result of Entomology Shop operations.

Management of the mixing and/or rinsing operations should be modified to

eliminate further release of pesticides and herbicides into the unlined basin (or

overflow outside the basin). However, the fact that chlordane was found at a very

low level (barely above detection limit) in the 6.5-foot sample and not at all in the
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down-slope sample indicates that the potential for broader contamination from this

site is low. The health risk is also considered to be low.

o Site 10 -- 3-58 Test Cell

One groundwater monitoring well was installed at the site of the

3-58 Test Cell to monitor groundwater quality, and hand-auger samples were taken

at four locations in the drainage ditch surrounding the test cell. Fuel and oil spills

that occur during testing of SR-71 engines are washed from the test stand and flow

into the drainage channel on the north side of the stand.

O&G and petroleum hydrocarbon contamination was found in the

surface samples from all the hand borings (see Figure IV-30). However, at the

1.5-foot depth only one boring still showed elevated oil and grease concentrations

(1600 i'g/g). The sample (10-02-H2) that had deeper contamination also had the

highest concentrations in the surface sample. It is located near a small undiked,

above-ground fuel tank located between the test stand and the channel. Also, most

washdown from the test stand probably enters the channel near Hand Auger

Location 10-02, judging by soil staining at the site. The main fuel tanks for the

3-58 Test Cell have double containment to eliminate any leakage.

The 3-58 test cell shows evidence of some environmental

degradation resulting from fuel spilling and equipment washdown. Soil contamina-

tion is localized and probably shallow, as would be expected from an operation such

as this. There is no evidence of groundwater contamination. The risk from this

site is considered minimal.

o Site II -- AGE Maintenance Shop

The main source of contamination at Site 11 is runoff of fuel,

lubricants and engine oil onto the soils bordering the back parking area at the AGE
Maintenance Shop. Contamination may also spread to the drainage ditch behind

the building. Routine maintenance of aircraft ground equipment (AGE) is

conducted in the back parking area and spills are usually washed off the pavement
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and allowed to evaporate or percolate into the ground. One groundwater

monitoring well was drilled and sampled at this site. Four deep soil borings (16.5

feet) were drilled at the edge of the asphalt, where the runoff first makes contact

with soil, and hand-auger samples (1.5 feet) were collected in the drainage ditch

bottom.

All the soil borings near the edge of the pavement showed high

levels of oil and grease, up to 7000 i'g/g, in the 1.5-foot samples but were clean in

6.5-feet samples (see Figure lV-31). This is probably the result of very hard soil

and relatively small quantities of material being discharged. No evidence of

contaminants was found in the drainage ditch samples and the groundwater samples

showed no indication of degradation. The highest concentrations of oil and grease

contamination were found in Borings 11-02 and 11-03. The surface sample from

Boring 11-04 also showed evidence of benzene, toluene and xylene, common

constituents of the fuel used by AGE. The hydrocarbon concentrations at Borings

I !-02, 11-03 and 11-04 correlate with the visual evidence of staining and the

apparent flow patterns in the area.

Only localized surface hydrocarbon contamination was found at

this site. The migration of contaminants, either laterally or vertically, is minimal.

Due to the work practices at the maintenance shop, large-scale soil or water

pollution is not expected; however, runoff of fuel and oil products will continue

unless procedures change to preclude it. No groundwater contamination is evident.

The environmental threat from this site is considered minimal.

o Site 12 -- Entomology Building 440

Building 440 was used as the base entomology shop from 1965 to

1930. No records exist of specific activities at this building or of any particular

mixing/rinsing basins similar to the one currently used at Building 2560. The

building is now used by the base animal-control officer to house stray domestic

animals.
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Two soil borings (plus a background boring) were drilled here to

determine whether pesticide/herbicide contamination had resulted from past

entomology shop practices. The two borings were located near a concrete pad

southeast and down slope of the building that may have been used for mixing or

loading chemicals. No significant contamination was found in any of the samples,

nor is there visual evidence or odor around the site that would indicate contamina-

tion problems. No environmental threat from this site is anticipated.

o Site 13 -- Landfill No. I

Landfill I occupies approximately four acres. It was used for

disposal of base waste from the early 1940's to about 1950. Small quantities of

household chemicals were probably included in the general refuse.

A geophysical survey using a magnetometer and ground-

penetrating radar was conducted to locate any large magnetic anomalies and to

define the site boundaries. Based on the results of the geophysical survey, two

groundwater monitoring wells were drilled to monitor conditions beneath the

landfill. High levels of TCE were found in both wells. Samples from the first

sampling round showed 0.4 jg/l and 106 ijg/l in Wells 13-01 and 13-02, respectively.

The second round of tests showed 26 ig/l and 28 iig/l of TCE in the two wells, along

with 3.7 ig/l of PCE in Well 13-02. The DOHS action level for TCE is 5 jig/I and

4 Ig/l for PCE. Although the results are not precise, the fact that they were

repeatable leads us to believe that TCE contamination does exist (see

Figure IV-27). This finding is not easily explained. TCE contamination was

unexpected in the groundwater at this site because of the age of the fill material

and because TCE was not in general use by 1950 when the landfill was closed.

Also, no other chemicals were found. While we are certain that TCE exists in the

groundwater, the exact concentration and the source are unknown. Possible

sources include the landfill, the Sewage Treatment Plant or the Photo Wastewater

Treatment Plant; however, neither of the plants is considered a likely source,

especially the Photo Wastewater Plant, because none of the wells there show TCE

and TCE is not used in the process.
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Surface water samples were taken at four locations along

Hutchinson Creek where it comes near the southwest boundary of the landfill.

Both sampling rounds were collected during low flow conditions, but the creek bed

is deep and wide in this area so the water is almost stagnant. No contamination

was identified during the first sample round, but low levels of the pesticides

Lindane and Aldrin were detected during the second round. The Aldrin was

detected in all four second round samples (including up gradient) at levels that

ranged from 0.05 to 0.07 jig/I. This is considered significant since 0.05 Pig/I is the

California Department of Health Services' action level. Because Aldrin was found

up gradient, the source of these pesticides is probably not from a point source, but

rather runoff from various areas of the base or possibly from agricultural areas

that surround the base. Additional work will be needed at this landfill to evaluate

the level of hazard posed by it.

o Site 14 -- Transformer Oil Drainage Area

A series of twelve surface soil samples were collected inside a

bermed area previously used to drain transformers. The samples were collected

from 0 to 0.5 feet in a matrix that covered the entire area. Two of the samples

were collected from an area with no vegetation. These were the only ones that

contained significant levels of either oil and grease (O&G) or PCB. One of the two

samples contained about 4% oil and grease compounds and 5.3 jig/g of the PCB

Aroclor 1260. The other sample contained elevated concentrations of O&G but no

PCBs (see Figure IV-32). Based on the analytical results and the pattern of barren

soil in the part of the site nearest to the road, it appears that most transformer

draining occurred in one area of the site. Previous sampling reported in the Phase I

report found 14 mg/kg (Ipg/g) PCBs at one location (unspecified). Both the 14 wgilg

and the 5.3 Wig/g findings are well below the current TTLC value of 50 jig/g.

No samples were taken below 6 inch2s, so the depth of the

contamination is unknown. Typically PCB compounds, and to a lesser degree O&G

compounds, do not mobilize significantly through soil. The berm around the site

eliminated the possibility of lateral spreading outside the site. In addition, analysis

of the soil samples indicates minimal spreading within the site. This site does not
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pose a significant environmental threat. The health threat is also considered to be

low because of the low concentration of PCB and because the site is located in a

relatively remote part of the base. However, there is no fencing and Beale's

mobile home camping facility is located within 700 feet.

o Site 15 -- Landfill No. 3

Four wells were installed to monitor the active base landfill, one

Wup gradient and three down gradient. None of the groundwater samples collected

during the two sample rounds showed evidence of groundwater contamination. This

was expected because the management practices employed at the landfill include

no chemical waste disposal, runon and runoff control, and covering the waste

daily. The site is operated in accordance with state regulations for a nonhazardous

sanitary landfill. This active landfill poses no significant environmental threat.

o Site 16 -- Explosives Ordnance Disposal Site

Two soil samples were collected from the bottom of the trench

used for disposal of scrap metal at the Explosives Ordnance Disposal Area. Waste

material remaining after bullets, flares and small shells are detonated is placed in

the unlined trench, which is about 70 feet long by 15 feet wide by 10 feet deep.

The first round of samples was collected in November 1985 when no water was in

the trench. Three samples were collected from the top 2 to 3 inches of soil at

various locations along the bottom of the trench. Very high lead, chromium and

barium concentrations were found. Based on the results of the first sampling, a

second round of samples was collected in April. At that time, the trench was

partially filled with water from the spring rain. The second sample submitted to

the laboratory was a composite of soil collected from six locations along both sides

of the trench, just below the waterline. Resuits from the second sample showed

lower concentrations of metals, but they were still at levels significantly above

background. The difference in concentrations found at the bottom rather than

along the sides of the trench is not surprising, as most waste lies at the bottom and

little along the sides where the second samples were collected.
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The lead concentration found in the first sample (14,000 ug/g) is

14 times higher than the TTLC criteria set up by the California Dlepartment of

Health Services. The chromium concentration of 2000 ig/g in the soil was very

close to the 2500 1Wg/g threshold limit for total chromium. No sampling was done

to determine the vertical extent of contamination in soil or groundwater, but an

E.P. Toxicity test run on the second sample showed that lead and chromium were

reduced by an order of magnitude in the leachate. Additional sampling in the

trench will be required to determine whether the very high concentrations of lead

and chromium at the surface have migrated to deeper soil, especially because of

the presence of ponded water in the pit during several months of the year.

o Site 17 -- Best Slough

There appears to be no environmental degradation at the Best

Slough site. This site was added to the statement of work to evaluate whether

contamination had occurred as a result of the disposal of several drums in a

depression near where Best Slough passes the three bridges area. None of the soil

samples collected at the site showed any contamination. Additionally, the surface

water sample collected from the Slough near the depression was clean.

These results were expecLed, because there were no odors, soil

staining or evidence of chemicals in or near the drums. In fact, the drums appear
rj to have been dumped in the depression after they were burned in some way. They

were found to be badly rusted, but there is no evidence of chemical residue on the

inner or outer surfaces. This site poses no environmental threat.

o Site 18 -- Bulk Fuel Storage Facility

Four soil borings were drilled at the bulk fuels storage facility.

None of the samples showed significant contamination by oil and grease

compounds, lead or volatile/purgable organics. Some of the samples contained up

to 400 lig/g of O&G or petroleum hydrocarbons, but similar concentrations were

also found in the background samples. Even samples taken from the boring located

at the reported gasoline spill showed no significant contamination, which indicates
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that either no spill occurred or that the spill was very limited in scope. The

analytical results agree with our field observations, which included no organic

vapors, visible staining or other evidence of poor fuel management. This site is

thought to pose no threat to the nearby environment.
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V. ALTERNATIVE MEASURES

Eighteen sites at Beale AFB were investigated for the presence of chemicaJ

contamination during the Phase 11, Stage I study. The results of this study showed

that seven of the sites were free of any detectable contamination. Some

contamination has been identified at the other eleven sites and follow-on action

may be required, including additional investigation, continued monitoring, remedial

action or operational changes.

This chapter discusses the actions that coulo be taken at each of the eighteen

sites, based on the knowledge gained from this program and previous studies. The

discussion will concentrate on feasible alternatives, presenting only practical and

cost-effective options. At least two options are available at each site. Generally,

these are for continued monitoring or additional investigation. In some instances,

limited cleanup measures are presented for sites with localized contamination.

This work would be completed under a Phase IV IRP effort. Also included are

options for changes to waste management and practices. These would limit

additional damage to the environment until final decisions about the site are made.

AeroVironment makes specific recommendations in the following chapter, but

the Air Force and regulating agencies will need to judge the overall merits of each

option to determine whether it meets safety, economic and environmental policy

goals. The sites are discussed in the order of their priority before the Phase I1,

Stage I study.

A. Site 1 -- West Drainage

Contaminants at the West Drainage apparently result from fuel and other

hydrocarbons being washed off the flightline area by surface runoff and discharged

from the drainage system into the unlined stream channel. Surface water and

sediment samples were collected about 750 feet from the drainage outlet.

Sediments were found to contain 33,000 p.g/g of oil and grease and surface water

upstream from the oil booms contained an observable layer of jet fuel during the
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April 1986 sampling round. Surface water does not flow offbase except during a

major storm, typically occurring over several days.

Groundwater samples collected from the monitoring well at this site

show trichioroethylene (TCE) contamination exceeding California DOHS action

levels. The current groundwater flow is south from this site, so base production

wells to the west are not immediately downgradient from Site 1. However, base

production wells are susceptible to contamination because their gravel pack

extends up into the water table aquifer.

Actions that could be taken at the West Drainage are outlined below.

Because problems are known to exist in surface water/soil and groundwater, a

combination of options will probably be required.

1) Continued monitoring of the existing well: This would help define the

level of TCE contamination and, in concert with other well measurements, check

the direction of flow in the area.

2) Installation of additional groundwater-monitoring wells: These wells

would monitor groundwater conditions (contamination and flow) between the site

and on-base or off-base groundwater wells. Wells would be drilled to the water

table aquifer and the underlying confined aquifer.

3) Collection of additional sediment and surface water samples: These

samples would determine the downstream extent of water/soil contamination.

Sampling could be planned to assure that a surface water sample is collected from

the base border during flow conditions.

4) Cleanup: If sufficient information exists, cleanup of surface soils or

groundwater could be initiated under Phase IV.

5) Implementation of a management program to eliminate further

hydrocarbon runoff: Runoff control or collection and treatment would keep the

fuel and other contaminants from entering the stream channel.
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B. Site 2 -- Photo Wastewater Treatment Plant and Injection Well No. 2

Site 2 must be treated as two separate sites, because the waste pond

and injection wells are in different locations and pose different problems. The

unlined waste ponds have been used in the past to dispose of sludge generated by

the Photo Wastewater Treatment Plant. Four groundwater monitoring wells were
installed in May 1985 to monitor contamination resulting from the ponds. Two sets

of samples collected from these wells showed concentrations of phenol and

chromium. These results are similar to previously reported sample results from

%lay - July 1985.

The injection well system was investigated for evidence of contamina-

tion resulting from periodic flushing of pipes and well filters. One well and four

soil borings were drilled to identify contamination in the shallow soil and water

table aquifer. Results indicate deep soils and groundwater may be contaminated by

phenolic compounds.

Actions that could be taken at the Injection Well for Stage 2 include:

I) No action: since the potential contamination identified at the site is

localized and of limited concentration and thus presents no serious threat to the

environment, no action need be taken.

2) Drilling deeper soil borings in the vicinity of the injection wells: These
borings would determine whether the contamination at the bottom of one Stage I

boring is an indication of deep soil contamination.

3) Installation of a groundwater-monitoring well at the second injection

well head: Another monitoring well would check the groundwater conditions near

the other potential sources at this site.

Possible actions at the waste pond include:
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1) Continued monitoring using the existing well system: Periodic sampling

dt the four Radian wells located around the pond system would check the

concentrations of phenols and metals.

2) Closure: under Phase IV, a closure plan acceptable to regulatory

agencies could be prepared and further environmental contamination from the

ponds would be eliminated.

C. Site 3 -- Fire Protection Training Areas

Sampling of groundwater-monitoring wells at the Fire Protection

Training Areas (FPTA) indicates that the water table aquifer has not been

contaminated by the fire training activities. No significant concentrations were

reported in any of the five wells from either sampling round. Although FPTAs are

typically problems on Air Force bases, the lack of a widespread problem probably

results from the infrequent usage of the FPTA and the high clay content of

underlying soils. Lack of groundwater contamination indicates that no widespread

contamination exists.

Soil samples were collected at the FPTA to determine whether shallow

soil contamination exists at specific locations. The results show that the burn pit

at FPTA No. 2 and the underground fuel tank area have oil and grease and fuel

components in the shallow soil. The problem at the burn pit is typical of FPTA

operations because that is where the fuel is spread prior to burning. The

hydrocarbons at the underground tank probably result from surface spilling, not a

tank leak. Other areas, including the suspected FTPA No. I were found to be

uncontaminated.

Actions that could be taken at the FPTA for Stage 2 include:

1) No action: If the problems at the FPTA are sufficiently localized that

deep soils and groundwater are not threatened, this alternative would be

appropriate, since limited human activity occurs at this site.
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2) Additional drilling at the burn pit and underground tank: This would

define the vertical extent of hydrocarbon contamination and its lateral spread.

3) Continued sampling of the existing groundwater monitoring wells: This

would monitor groundwater for change over time.

4) Removal of the underground tank: Under Phase IV, the underground

tank could be replaced by an aboveground, double-contained tank. This would

comply with current California regulations on underground storage tank

management and minimize the risk of tank leakage or further surface spills.

D. Site 4 -- Battery Shop Dry Well

The Battery Shop was investigated by drilling a groundwater-monitoring

well into the water table aquifer. The monitoring well was placed about 20 feet

from the old 20-foot-deep dry well that had been used for disposal of neutralized

battery acid.

During drilling, staining was observed in soil samples from 45 feet to 55

feet. No visual evidence of metals deposition was encountered in the zone from 20

feet to 45 feet. This seems to indicate that no contamination of shallow soil has

occurred at the Battery Shop. No groundwater contamination was identified in

either round of samples from the 140-foot monitoring well.

Actions that could be taken at Battery Shop Dry Well include:

1) No action: If the site has caused no current damage or poses no future

risk to the environment, no action need be taken.

2) Continued sampling of the monitoring well at this site: This would

monitor groundwater for change over time.
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3) Drilling a deep boring and sampling the stained soil at the 45- to

55-foot zone: This would determine whether the staining seen during well drilling

is the result of metals deposition.

4) Placing a cement cap over the top of the dry well: Sealing the top of

the dry well would assure that no additional dumping occurs in the well and that

water does not drain into it and mobilize any contaminants.

E. Site 5 -- SR-71 Shelter

Sampling at the SR-71 Shelter detected oil and grease in the upper soils

near the drainage system inlet. Samples from some of the borings have detectable

concentrations of oil and grease and fuel components that are the result of fuel

spills, primarily on the SR-71 Shelter apron. While borings at the south (uphill) end

of the site were uncontaminated, northern surface soils are stained at the surface

and are contaminated to 16 feet. No sampling was conducted below 16 feet or

away from the centerline of the drainage swale.

One groundwater monitoring well was installed and sampled. It was

found to be free of contamination. This indicates that there is no widespread

problem at this site and that detectable fuel contamination is limited to the upper

soils. Fuel runoff occurs regularly at this site.

The SR-71 Shelter is very closely linked to the problems at the West

Drainage (Site No. 1). Surface runoff which enters the drainage inlet at this site

exits the drainage system at the West Drainage. Other parts of the base also drain

into the West Drainage, but the SR-71 Shelter is probably one of the major

contributors of hydrocarbons into the West Drainage system.

Actions that could be taken at the SR-71 shelter include:

1) No action: If soil contamination at the site is localized and deep soils

and groundwater are not threatened currently or in the future, no action need be

taken, especially since no human activity occurs at this site.
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2) Continued sampling at the monitoring well at this site: This xotlld

1,,onitor groundwater to determine whether an,. change occurs ojer time.

3) Additional drilling and soil sampling along the drainage swale: Soil

samples could be collected to greater depths up and down the channel, and away

from the channel centerline to deternine the extent of soil contamination.

Sampling could also include surface soils in the restricted area at the edge of the

SR-71 Shelter apron.

4) Implementation of a runoff management program: The goal of this

activity would be to minimize or eliminate the runoff of fuel and other

hydrocarbons into the drainage system. This would also help to reduce the problem

at Site I, the W'est Drainage.

F. Site 6 -- Landfill No. 2

Samples collected fron two groundwater-monitoring wells located

downgradient from Landfill No. 2 indicate that no organic or inorganic

contamination of groundwater has resulted from this site. Both rounds of samples

from each well were uncontaminated. The landfill wds in operation from 1950 to

1980, so it is unlikely that chemical wastes (other than a limited amount of photo

wastewater sludge) would ha/e been deposited at this site.

Actions that could be taken at this landfill include-

1) No action: If the site presents no threat of environmental degradation,

no action need be taken.

2) Continued sampling of existing monitoiing wells: The two monitoring

wells installed in Stage 2 could be sampled periodically to determine whether

changes in groundwater flow patterns occur.
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G. Site 7 -- Biological Production Site

Sixteen surface soil samples were collected at the Biological Production

Site to evaluate the possibility of contamination resulting from biological research

pre/iously conducted by the Army at this location. The results show that no

contamination exists at this site. This finding agrees with Army reports, which

irndicate that no contamination was left after the Army departed fron the site.

Actions that could be taken at the Biological Production Site include:

1) No action: No contaminants remain at the site and no threat to the

eni ironrnent exists, so no action need be taken.

2) Additional shallow soil sampling: If further questions exist about the

site conditions, samples could be collected at more locations around the site and at

dpths greater than 0 - 0.5 feet.

H. Site 8 -- J-57 Test Cell

The J-57 Test Cell is used to test the engines from all aircraft used at

Beale, except the SR-71. During the process of testing, some fuels and other

hydrocarbons are spilled and washed off of the concrete test stand and into a small

drainage ditch that encirczles the site. Soil samples from the drainage channel

indic~ite that soil contamination exists in the upper soils at one location. The soil

at that location was stained. Samples from other locations further down the

drainage ditch were not contaminated. Groundwater samples collected from the

monitoring well at this site were also uncontaminated. These results indicate that

the hydrocarbon contamination in the soil is limited both vertically and laterally to

the point where runoff enters the ditch.

Actions that could be taken at the 3-57 Test Cell include:

1) No action -- If the problem at this site is sufficiently localized that

deep soils and groundwater are not threatened, no action need be taken.
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2) Continued sampling of the monitoring well at this site -- Groundwater

sampling would determine whether any change occurs in the groundwater

conditions.

3) Additional soil sampling along the drainage ditch: Soil samples would

provide more information on the vertical and lateral extent of hydrocarbon

contamination along the drainage channel.

4) Implementation of a runoff management program: As for other sites,

the goal of this effort would be to minimize or eliminate the runoff of

hydrocarbons into the unlined drainage channels.

I. Site 9 -- Entomology Shop, Building 2560

Three soil borings were drilled and sampled at Building 2560. One was

drilled inside the gravel pad area used for mixing and rinsing the pesticides used at

the base. Chlordane was found in the soil, down to a depth of 6.5 feet. A second

boring, drilled downgradient and in the area with no vegetation, showed no

pesticides and herbicides.

Actions that could be taken at Site 9 include:

1) No action: If chlordane contamination at this site is localized and does

not present a threat to deeper soils and groundwater, no action need be taken,

especially since only Entomology Shop workers have access to this site.

2) Additional drilling and soil sampling: Drilling would define the extent

of contamination within the gravel mixing area.

3) Removal of contaminated soil and redesign of the mixing basin: A

limited amount of soil could be removed and the gravel basin could be replaced

with a lined collection system.
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3. Site L0 -- 3-58 Test Cell

Laboratory analyses of soil samples taken at the 3-58 Test Cell show
the effects of past fuel spills and poor housekeeping near an aboveground fuel

storage tank. Samples taken in the drainage channel near the tank and at other
locations along the channel detected levels of oil and grease down to 1.5 feet.

Deeper samples were not taken during this effort, so the vertical boundary of the

contaminated soil is not known. Discoloration and odor were observed in the
drainage channel near the tank and test stand. Groundwater from the monitoring

well down gradient from the site is uncontaminated. These results indicate that

although surface contamination exists, the problem has probably not spread to

deeper zones.

Actions that could be taken at the Site 10 Test Cell include:

1) No action: If problems at the 3-58 Test Cell are localized and no

widespread environmental damage is suspected, no action need be taken, especially

since limited human activity occurs at the site.

2) Additional soil sampling in area of known contamination: Deeper soil

sampling using a hollow-stem auger drill rig would define the extent of

contamination in three dimensions.

3) Additional soil sampling along the drainage ditch: Soil samples would

provide more information on the vertical and lateral extent of hydrocarbon

contamination along the drainage channel.

4) Remedial Actions: Possible remedial actions would include soil removal

and secondary containment for the offending tank, or simply instituting an

environmental management plan that addresses fuel spills.
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K. Site II -- AGE Maintenance

A gravel pad behind the AGE Maintenance Shops receives wash-down

water and fuel spill runoff. This area has elevated levels of oil and grease in the

upper five feet. Water that does not infiltrate into the soil in the pad runs off into

a drainage ditch. Samples from four two-foot borings in the ditch did not show

elevated levels of oil and grease, which indicates that the contamination at the site

is limited to the pad area.

One well was installed to monitor groundwater downgradient from the

gravel pad and drainage ditch. Samples from this well showed no detectable

groundwater contamination.

Actions that could be taken include:

1) No action: If soil contamination found at this site is sufficiently

localized that no widespread environmental damage will occur, no action need be

taken.

2) Additional soil sampling along the drainage ditch: Soil samples would

provide more information on the vertical and lateral extent of hydrocarbon

contamination along the drainage channel.

3) Installing another downgradient monitoring well: The existing

monitoring well is generally downgradient from the drainage ditch but is not ideally

situated to monitor the area of contaminated soil. A second groundwater-

monitoring well may be desirable in the parking area of the AGE building to detect

contamination from the gravel pad.

4) Remedial Action: If the area of contaminated soil has been adequately

defined, it could be excavated or the area paved. Another activity would be to

install a runoff collection system.
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L. Site 12 -- Entomology Shop, Building 440

Three soil borings were completed near Entomology Building 440, one

up gradient from the site to establish background levels and two at the concrete

pad suspected of being the mixing location. Samples indicate no significant

pesticide contamination of the soil in these areas.

Actions that could be taken at Site 12 include:

1) No action: This option would be appropriate because the site does not

appear to pose a threat to the environment.

2) Additional soil sampling: Sampling would determine whether other

parts of the site are contaminated from entomology activities.

.M. Site 13 -- Landfill No. I

Two groundwater-monitoring wells were installed down gradient from

Landfill No. 1. Although the landfill was never reported to receive chemical

wastes, the groundwater was found to contain TCE. Levels of TCE in the two wells

varied widely on the first round (106 vs. 0.4 ppb) but were very similar on the

second round (28 vs. 26 ppb). A number of buried objects were identified during the

geophysical survey of the landfill, but geophysical surveys at landfills are

inconclusive. It is not known whether Landfill No. I is the source of the TCE.

Bottom sediment and surface water samples were taken at four sites

along the creek that runs along the southwest boundary of the site. The bottom

sediment was uncontaminated, but pesticide was found in all the surface water

samples. The pesticide is probably not from the landfill, since the concentration in

the sample was the same as the concentration in samples taken next to the landfill.

Actions that could be taken at Site 13 include:

I) Continue monitoring the existing wells: Sampling would verify the

levels of TCE in the groundwater and detect any changes.
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2) Install an upgradient monitoring well: One or more wells located up

gradient from Landfill No. I would determine whether the TCE contamination

found in Wells 13-01 and 13-02 is being generated by the landfill. The upgradient

wells at the nearby Photo Wastewater Treatment Plant could also be sampled.

3) Additional surface water samples: Stream samples would better

quantify the levels of pesticide found in Hutchinson Creek and determine the

source.

N. Site 14 -- Transformer Drainage Area

Twelve surface soil samples were taken in a grid pattern to investigate

possible PCB contamination at the Transformer Drainage Area. Oil and grease

contamination, as well as the PCB Aroclor 1260, were found in one sample taken in

a bare area of the site. Elevated levels of these contaminants were not found in

other samples from the site, which indicates that the contamination is localized.

Actions that could be taken at Site 14 include:

1) No action: If no threat of environmental degradation of deep soils or

groundwater exists because contamination is localized, no action need be taken,

r especially as no human activity occurs at this site.

2) Additional soil sampling in the area of known contamination: This

would define the extent of contamination in three dimensions; the initial survey did

not extend deeper than 0.5 feet.

3) Remedial Actions: Work would include removing soil that has been

identified as contaminated, covering the site, or removing the berm around it to let

rainwater run off the site instead of percolating through the contaminated soil.
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0. Site 1 5 -- Landfill No. 3

Landfill No. 3 is the active base landfill. Four wells were installed to

monitor groundwater in the uppermost water-bearing zone: one up gradient (east

of the perimeter road) and three down gradient (west of the fill area). The water

quality in the downgradient wells was no different from that in the upgradient well.

The landfill does not appear to be degrading the groundwater beneath the site.

Because this is an active landfill, the actions that can be taken are

limited by state regulations. They include:

I) Continued monitoring of the existing wells: To comply with state

regulations, the Air Force will have to continue monitoring the four wells at this

site. The specific time schedule and analyses will be determined by the California

Regional Water Quality Control Board.

2) Drilling an additional upgradient well: Although this action will

probably not be required under the state permit, one more upgradient well would

better characterize the quality of water entering the site.

P. Site 16 -- Explosives Ordnance Disposal (EOD)

The EOD is used to dispose of active explosives and munitions. After

burning in a secure area, the remaining scrap metal is disposed of in a shallow

trench on site. Surface soil samples were taken in the bottom and along the sides

of the trench. Lead was found in the soil at levels above the California criteria for

classification as a hazardous waste. In addition, chromium was found at levels near

the hazardous waste criteria.

Actions that could be taken at EOD include:

1) Additional soil sampling: Additional soil borings would define the

vertical extent of the contaminated soil.
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2) Installation of a groundwater monitoring well: This option would be

appropriate because the high lead content of the soils may pose a threat to the

groundwater beneath the site.

3 Remedial Actions: Actions could include excavating bottom soils from

the metal disposal pit or developing a more efficient scrap metal collection and

decontamination method.

Q. Site 17 -- Best Slough

At Best Slough, three small trenches containing rusted 55-gallon drums

were investigated using a hollow-stem auger and shallow hand-auger borings. No

contamination was found in any of the samples. A surface water sample collected

in the adjacent stream showed no contamination. There appears to be no

environmental hazard at this site.

Actions that could be taken at Site 17 include:

1) No action: This option would be appropriate because this site does not

appear to pose a threat to the environment.

2) Additional soil sampling: The sampling would identify whether

contamination exists at other locations on the site.

R. Site 18 -- Bulk Fuel Storage Facility

The Bulk Fuel Storage Facility is the main fuel storage facility at Beale

AFB. Potential soil contamination at this site was investigated with four 20-foot

soil borings sited in drainage ditches around the storage tanks and near a reported

spill at the tank car unloading area. Samples from the four borings indicate that

the site is uncontaminated.

Actions that could be taken at Site 18 include:
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I) No action: This option would be appropriate because no known

environmental damage has occurred at the Bulk Fuel Storage Facility.

2) Additional soil sampling: The Storage Facility is a large area with

many tanks. Soil samples could be collected at other areas of the site, including

the bermed area that provides secondary containment of the jet fuel tanks.

3) Installation of groundwater-monitoring well(s): This would check for

groundwater contamination from this site. No groundwater monitoring wells exist

downgradient from the site at this time. If a slow leak occurred from one of the

jet fuel or gasoline tank bottoms, a monitoring well would help detect the problem.
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VI. RECOMMENDATIONS

This chapter outlines AeroVironment's recommendations for further work

related to the IRP program at Beale AFB. Sites are categorically designated as

follows:

Category 1: Sites where no further action (including remedial action) is

required.

Category 11: Sites requiring additional monitoring or work to quantify or

further assess the extent of current or future

contamination.

Category III: Sites that will require remedial action (ready for IRP Phase

IV action).

Eighteen potential hazardous waste sites were investigated during the

Phase I Stage I study. Groundwater contamination was identified at only three

sites: the West Drainage, Landfill No. t and Injection Well No. 2. Since the landfill

and injection well sites are located next to each other, their problems may be

interrelated. Surface water and sediment contamination was also identified at the

'Nest Drainage. The most prevalent problem at Beale AFB is the shallow soil

contamination caused by spills or leaks of fuels, lubricants or other hydrocarbons.

This problem was identified at five sites: the FPTA, the SR-71 shelter,

AGE Maintenance, and both of the engine test cells. Additional shallow soil

contamination was identified at the current Entomology Shop and the old

Transformer Drainage Area. These two problems are very localized.

AeroVironment believes that twelve of the sites should be classified as

Category I, requiring no additional IRP action. Six sites will require additional

Phase 11 study before final decisions can be made about the degree of hazard posed

to the environment. None of the sites are ready to be moved to Phase IV for

cleanup or other remedial action. Some sites recommended for additional Phase H1

study will need some work in both Phase I and Phase IV, but have been listed as
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Phase 1 until additional sampling is completed to allow remedial action. Table

VI- I summarizes the recommendations for all sites; specific recommendations are

made below.

AV's recommendation for additional wells and soil borings of specific depths

and at specific locations are based on current knowledge. This knowledge does not

include information about the conditions of the soil vertically and laterally from

the Stage I sampling locations. Thus contract limits for Stage 2 on drilling footage

and sample collection must be adjustable so that these can be modified in the field

to address the exact site conditions and to define the extent of contamination. All

additional wells should be designed using the California Department of Health

Services "Site Mitigation Decision Tree."

Site I -- West Drainage (Category I)

Surface water, stream-bottom sediments and groundwater were all found to

be contaminated by organic chemicals that had run off from the storm drainage

system into the unlined west ditch. Surface water leaving the base was not

sampled because the channel had no substantial flow. Sediments were sampled only

within 750 feet of the beginning of the ditch because the ditch channel is less

clearly defined beyond that point, but sediment contamination was detected 750

feet downstream. Groundwater contained TCE in concentrations above state

DOHS action levels, but no TCE was detected in the upgradient wells at the

AGE Maintenance Shop, the Battery Shop Dry Well or the SR-71 Shelter.

Groundwater flow in the area is not directly toward the base production wells, but

eventual contaminant migration to the production well area may be possible.

Additional sampling should be conducted downstream from the head of the

ditch. It should include quarterly monitoring of the surface water, with at least

two samples collected at the base boundary when the flow is sufficient to define

the channel. After flow patterns have been determined, sediments should be

collected from the surface and from two feet at eight downstream locations.

Water samples should be tested for VOCs (EPA 601/602), lead (EPA 239.2), oil and

grease (EPA 413.2). Sediments should be tested for VOCs (EPA 8010/8020 + 5030),

lead (EPA 239.2 + 3050), and oil & grease (EPA 413.2 + 3550).

VI-2



TABLE VI-l. Recommendations.

Site Recommendation

West Drainage Install three groundwater monitoring
(Category 11) wells, two between Site I and the base

production wells and a third at the base
boundary, downgradient from the site.

Sample the 4 wells (G existing and 3 proposed)
and test for VOCs (EPA 601/602) and
oil & grease
(EPA 413.2)

Sample surface water and stream bottom
sediments at 8 downstream locations.

Analyze surface water for VOCs
(EPA 601/602), lead (EPA 239.2),
and oil & grease (EPA 413.2).

Analyze bottom sediment for VOCs
(EPA 8010/8020 + 5030), lead (EPA 239.2
+ 3050), and oil & grease (EPA 3550/4 13.2)

- Identify sources of organic material which
flow into west ditch and implement a
plan to eliminate the flow of contaminants
to this site.

2 Injection Well No. 2 - Drill 3 soil borings to 30 feet near the
(Category I) inactive injection wells. Analyze for

Phenols (EPA 8040 +3550), 8 Metals (Series
200 + EPA 3050) and oil & grease (EPA 413.2 + 3550).

- Continue monitoring the 5 wells on site
(0 at injection wells and 4 at sludge disposal
area) and analyze for Phenols (EPA 604),
Benzene (EPA 602) and 8 Metals (Series 200).

3 Fire Protection - Continue monitoring the 5 existing wells.

Training Area Sample groundwater for VOCs (Method 601/602).

(Category 11) - Drill up to 8 additional soil borings near
the underground tanks and burn pit.
Analyze soil samples for oil and grease
(EPA 3550 extraction, EPA 413.2 analysis)
and VOCs (EPA 8010/8020 + 5030).

- Remove the underground storage tanks
as a Phase IV activity.
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TABLE VI-I. (con't)

4 Battery Shop Dry Well - No further action is recommended.
(Category I)

5 SR-71 Shelters - Drill up to 8 additional 20-foot soil borings

(Category It) between the taxiway and SR-71 apron,
analyze for volatile aromatics (EPA 8020 +5030)
and oil & grease (EPA 413.2 +3550).

Continue monitoring groundwater in the existing
well, analyze for volatile aromatics (EPA 602)
and oil & grease (EPA 413.2).

Collect up to 10 hand auger samples
from 5 locations along the edge of the
SR-71 shelter apron. Analyze for same
parameters as soil boring samples.

6 Landfill No. 2 No further action is recommended.
(Category I)

7 Biological Production No further action is recommended.
Site
(Category 1)

8 J-57 Test Cell No further IRP action is recommended.
(Category 1) However, a fuel spill management plan

should be implemented to minimize further
fuel releases.

9 Entomology Shop, - No further IRP action is recommended.
Bldg. 2560 However, the existing gravel basin should
(Category I) be replaced with an impermeable basin

and a liquid collection system.

10 3-58 Test Cell - No further IRP action is recommended.
(Category I) However, a fuel spill management plan

should be implemented to minimize further
fuel releases.

11 AGE Maintenance No further IRP action is recommended.
(Category I) However, a fuel spill management plan

should be implemented to minimize further
fuel releases.

12 Entomology Shop, No further action is recommended.
Bldg. 440
(Category I)
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TABLE VI-1. (Con't)

13 Landfill No. I - Continue monitoring existing wells semiannually,
(Category 11) sample for TCE (Method 601) and Phenol

(Method 604)

- If warranted after continued sampling
of existing wells, install 2 additional
wells upgradient and downgradient of
Landfill I near property line.

14 Transformer Drainage - No further IRP action is recommended.
(Category 1) However, the berm should be removed

and the soil used to cover the surface
of the site.

15 Landfill No. 3 - No additional IRP work is needed. However,
(Category 1) the base should continue necessary ground-

water monitoring for landfill permit.

16 EOD - Install I groundwater monitoring well.
(Category I) Sample groundwater and analyze for

metals (Series 200).

- Install 3 temporary piezometers to determine
groundwater gradient before selecting
the well location.

- Phase IV remedial action
Determine depth and excavate
soil from beneath waste metal
trench.

17 Best Slough - No further action is recommended.
(Category I)

18 Bulk Fuel Storage - No further IRP action is recommended.
Facility However, the base should consider
(Category 1) the instillation of two monitoring wells

to monitor for leaks which may occur
from the fuel storage area.
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Three additional groundwater monitoring wells should be completed down

gradient from Well 01-01. Two would be placed roughly between Well 01-01 and

the base production wells near the base boundary. They should be drilled to the

water table aquifer. The third well should be installed at the base boundary

downgradient from the site, also in the water table aquifer. AV estimates that all

the wells should be drilled to a depth of 120-feet. These three new wells, along

with %Well 01-01, should be sampled twice a year and analyzed for VOCs (EPA

601/602) and for O&G.

Finally, a comprehensive study should be conducted to identify the sources of

the organic material (primarily jet fuel) that continues to flow into the West

Drainage ditch. A plan should be prepared and implemented to minimize or

eliminate the flow of additional contaminants to this site. No cleanup can be

undertaken until the source of the problem is managed.

Site 2 -- Injection Well No. 2 (Category 11)

Groundwater contamination was identified in the monitoring wells

surrounding the photowaste sludge disposal area. The type and level of

contamination are similar to that reported after sampling conducted in 1985 by

Radian Corporation for USAF OEHL. Some phenol was detected in the well

AeroVironment installed there, but the significance of the findings is questionable

because of the laboratory method used for phenol analysis.

Pentachlorophenol (PCP) was identified in the deepest soil sample analyzed

from this site; thus the soils near the wellhead or blowdown valve at the end of the

pipe may be contaminated to a deeper level, especially since PCP is relatively

mobile in soil. PCP was added to the treatment plant effluent that flows through

this system until February 1986.

AV recommends that deeper soil samples be collected near the active

injection wells. These samples will determine the extent of PCP contamination in

the soil. Three borings should be drilled to depths of 30 feet and up to three

samples collected from each boring. Soil samples should be analyzed for phenols

(EPA 8040 + 3550), 8 metals (series 7000 + 3050), and oil and grease (EPA 413.2

+ 3550). The five wells at Site 2 should continue to be sampled twice a year and
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analyzed for benzene (EPA 602), phenols (EPA 604), and 8 ,netals (series 200).

Phenol should be analyzed by the more sensitive methods 8040/604, so that the

levels can be gauged more accurately.

Site 3 -- Fire Protection Training Area (Category 11)

Five groundwater monitoring wells were installed and sampled at the FPTA

and no contamination was evident. However, soil samples collected near the

underground storage tank and inside the burn pit at FPTA No. 2 show localized fuel

contamination. The hydrocarbons at the storage tank are probably from surface

spills, not a tank leak, but no secondary containment exists and the tank system

will soon need modifications to satisfy state regulations. The burn pit is not lined

and all three borings drilled there showed surface contamination, but all showed a

general decrease in concentration with depth.

The five groundwater monitoring wells should continue to be sampled twice

yearly and the water tested for volatile organics by EPA Methods 601/602.

Additional soil testing should be conducted in the area of the underground tank to

determine the lateral and vertical extent of contamination. Up to eight 20-foot

hollow-stem-auger borings should be drilled (and drilling monitored with an organic

iapor analyzer) and samples should be collected at surface, 5-, 10-, 15- and

20-foot depths. Soil samples should be tested for oil and grease (EPA 413.2 + 3550)

and VOCs (EPA 8010/8020 + 5030).

Either in conjunction with this soil-testing program, or as a separate Phase IV

activity, the underground tank should be removed and replaced with an

aboveground tank possessing secondary containment. Base officials report that this

activity is currently being planned. Tank ,emoval should be accomplished in

compliance with all applicable California and Yuba County tank regulations.

V 1-7



Site 4 -- Battery Shop Dry Well (Category I)

AV recommends that no further action be taken at the Battery Shop Dry ,ell

because no contamination was found in this study and no environmental hazard is

believed to exist.

Site 5 -- SR-71 Shelter (Category II)

No groundwater problem was identified at the SR-71 Shelter, but significant

soil contamination has resulted from jet fuel runoff from the SR-71 Shelter apron

or the flightline taxiway. The three northernmost soil borings showed highly

elevated hydrocarbons in the upper II feet of soil. The analytital results appear to

match the level of surface staining, which is greatest near the drainage system

inlet.

Additional soil samples should be collected to better define the extent of the

soil contamination at the northern end of the site. Eight 20-foot hollow stem

auger borings should be drilled to determine the lateral and vertical extent of

hydrocarbon contamination (including the extent of contamination away from the

swale centerline). Five samples should be collected from each boring. Organic

/apor readings should be taken in conjunction with this sampling. Additionally, ten

soil samples should be collected from five hand-auger holes at the edge of the

SR-71 Shelter apron to determine the extent of soil contamination at the edge of

the gravel (the first point of possible infiltration). All soil samples should be

analyzed for volatile aromatics (EPA 8020 + 5030) and oil and grease (EPA 413.2

3550). The groundwater monitoring well should also be sampled twice yearly, and

the water analyzed for volatile aromatics (EPA 602) and oil and grease (EPA

413.2).

Because the runoff from the SR-71 Shelter is probably a major source of the

surface water contamination at the West Drainage (Site 1), this site should be a

major area of investigation in the study recommended above for Site 1. Special

attention should be paid to managing fuel runoff from the SR-71 aircraft while

they sit at the shelter apron.
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Site 6 -- Landfill No. 2 (Category I)

AV recommends that no further action be taken all Landfill No. 2 because no

significant contamination was found in this study and no environmental hazard is

believed to exist.

Site 7 -- Biological Production Site (Category 1)

AV recommends that no further action be taken at the Biological Production

Site because no significant contamination was found in this study and no

eniironmental hazard is believed to exist.

Site 8 -- J-57 Test Cell (Category I)

Soil samples collected from the drainage ditch around the 3-57 Test Stand

show only very localized, shallow hydrocarbon contamination at the point where

runoff from the stand enters the ditch. No solvents were identified in any of the

soil samples. No groundwater contamination is evident, based on the results of

AV's sampling.

AV recommends no further IRP action be taken at the 3-57 Test Cell because

the contamination identified is I) very localized and shallow, 2) not likely to move

either down the drainage channel or toward groundwater and 3) not a health risk to

workers. The only human activity at this site is jet engine testing. Workers are

routinely exposed to much higher concentrations of hydrocarbons during test work

than the concentrations found in the drainage ditch. However, AV recommends

that a fuel spill management plan be implemented to minimize further releases of

hydrocarbons into the drainage ditch.

Site 9 -- Entomology Shop, Building 2560 (Category 1)

Soil samples collected inside (and under) the gravel mixing basin at

Building 2560 showed detectable concentrations of the pesticide Chlordane. This is

the result of mixing chemicals and rinsing containers in this basin. However, no
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pesticides or herbicides were detected outside the basin, even in the area

immediately downgradient. In addition, the concentration of chlordane found in

the soil is less than half the state's total threshold limit concentration (TTLC).

AV recommends no further IRP action be taken at the Entomology Shop

because the contamination identified is 1) very localized, 2) below state TTLC and

3) not a health risk to workers. The site is located behind a locked fence and only

accessible to workers. These workers routinely handle concentrated pesticides.

However, AV does recommend that the Entomology Shop replace the gravel basin

with an impermeable basin and liquid collection system to minimize further

releases at this site.

Site 10 -- 3-58 Test Cell (Catagory I)

Soil samples collected from the surface of the drainage ditch around the 3-58

Test Stand show localized, shallow hydrocarbon contamination. Samples collected

from 1.5 feet generally showed no contamination. No solvents were identified in

any of the soil samples. No groundwater contamination is evident, based on the

results of AV's sampling.

AV recommends no further IRP action be taken at the 3-58 Test Cell because

the contamination identified is 1) very localized and shallow, 2) not likely to move

either down the drainage channel or toward groundwater and 3) not a health risk to

workers. The only human activity at this site is jet engine testing. Workers are

routinely exposed to much higher concentrations of hydrocarbons during test work

than the concentrations found in the drainage ditch. However, AV recommends

that a fuel spill management plan be implemented to minimize further releases of

hydrocarbons into the drainage ditch.

Site I I -- AGE Maintenance (Category I)

Soil samples collected from the edge of the east-side parking area at the

AGE Maintenance Shop show localized, shallow hydrocarbon contamination

resulting from runoff of fuels and other petroleum, oil and lubricant spills.
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However, no elevated oil and grease levels extend below six feet in depth and no

evidence of hydrocarbons was found in the drainage channel located twenty feet

from the parking area. Also, no groundwater contamination is evident, based on

results of AV's sampling.

AV recommends no further IRP action be taken at the AGE Maintenance Shop

because the contamination identified is I) very localized and shallow, 2) not likely

to move either down the drainage channel or toward groundwater and 3) not a

health risk to workers. The only human activity at this site is equipment

maintenance. Workers are routinely exposed to much higher concentrations of

hydrocarbons during work activities than the concentrations found in the soil.

However, AV recommends that a spill management plan be implemented to

minimize further releases of hydrocarbons into the soil.

Site 12 -- Entomology Shop, Building 440 (Category 1)

AV recommends that no further action be taken at Building 440 because no

significant contamination was found in this study and no environmental hazard is

believed to exist.

Site 13 -- Landfill No. 1 (Category 11)

Groundwater contamination was identified in the two wells sampled at

Landfill No. I. Trichloroethene (TCE) was found at levels exceeding DOHS action

levels; however, the repeatability of these data was not good. Trace levels of

lindane, aldrin and 2,4-D were found in Hutchinson Creek in April, but are the

result of upstream source(s).

The two groundwater-monitoring wells should be sampled at least twice more

to define the concentration of TCE in the wells better. 'Samples should be taken

six months apart and the water analyzed for volatile chlorinated organics by EPA

Method 601 and for phenols by EPA 604 (because of the proximity to the injection

well system). After the TCE concentrations are better defined, additional

groundwater-monitoring wells may be warranted. Depending on the severity of the
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problem, one or two wells may be needed, one upgradient and one downgradient

near the base property lIne. Both would be drilled into the water table aquifer

(approximately 100 feet).

Surface water samples should be collected at various locations along

Hutchinson Creek to determine the extent and source of the pesticides and 2,4-D

found in the water. The samples should be analyzed for pesticides and herbicides

(SM509A, 509B).

Site 14 -- Transformer Drainage Area (Category I)

Soil sampling indicates that a small portion of the Transformer Drainage

Area contains high concentrations of oil and grease and detectable concentrations

of the PCB Aroclor 1260. Based on the results of AV's sampling, the problem is

limited to the bare ground nearest the southeast corner of the site. No samples

were taken below 0-0.5 feet, but because of the immobile nature of oils and PCBs

in soil and the low concentration of the PCB (5.3 .ig/g detected versus 50 1g/g

TTLC standard), we do not believe there is any migration of these compounds.

AV recommends no further IRP action be taken at the Transformer Drainage

Area because the contamination identified is 1) very localized 2) an order of

magnitude below the TTLC and 3) in an area where there is little chance for human

contact. However, as a precaution, AV recommends that the berm around the site

be removed. The dirt from the berm should be spread over the site to eliminate

the possibility of casual contact by base residents.

Site 15 -- Landfill No. 3 (Category I)

AV does not recommend further IRP action at Landfill No. 3 as a result of

the findings of this study. However, the base will need to imnplement a regularly

scheduled sampling program of the four groundwater monitoring wells at this site.

No environmental hazard is expected from this site as long as proper landfill

management is continued.
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Site 16 -- EOD (Category 11)

Soil samples collected from the scrap metal trench at EOD show that a large

portion of the top six inches of soil contained lead and chromium. Lead

concentrations are high enough to classify the soil as hazardous waste, and the

chromium concentration is near the criteria level. The water from rain and runoff

standing in the trench six months out of the year aggravates the situation by

providing a hydraulic driving force to potentially move the metals (leaching).

A groundwater monitoring well is needed to determine whether groundwater

in the area has been degraded. The well should be drilled to first water (water

table aquifer) and sampled twice per year for metals. Three temporary PVC

piezometers should be installed to determine the site-specific groundwater

gradient before the location of the monitoring well is selected. The piezometers

should be removed and abandoned according to state and county specifications at

the end of the project. Also, a Phase IV remedial action should be undertaken to

excavate the metal waste and upper soils (at least down to native soil) from the

trench and to grade the site to eliminate further ponding of water. Additional soil

sampling will be needed to better define the extent of waste material and to verify

that all contaminated soil has been removed, but this should be done as part of the

Phase IV removal.

Site 17 -- Best Slough (Category 1)

As a result of the findings of this study, AV recommends that no further IRP
action be taken for this site. No environmental hazard is believed to exist.

Site 18 -- Bulk Fuels Storage Facility (Category 1)

As a result of the findings of this study, AV recommends that no further IRP

action be taken for this site. No environmental hazard is believed to exist at

present. However, AV recommends that the base consider the installation of two

(or more) groundwater monitoring wells immediately downgradient of the fuel

storage facility to help monitor for future releases from the bottoms of the

aboveground storage tanks.
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APPENDIX A

Definitions, Nomenclatures and Units of Measurement



A. DEFINITIONS, NOMENCLATURES AND UNITS OF MEASUREMENT

ACUREX: Laboratory selected to analyze samples collected during field investiga-
tion at Mather Air Force Base.

AF: Air Force.

AFB: Air Force Base.

Ag: Chemical symbol for silver.

AGE: Aircraft ground equipment.

AIR-ROTARY DRILLING: A method for boring holes in the earth employing air
rather than water to remove cuttings from the hole.

AL: DOHS action level.

ALLUVIUM: Materials eroded, transported and deposited by streams.

ANOMALY: A local feature distinguishable in a geophysical measurement.

AQUICLUDE: Poorly permeable formation that impedes groundwater movement
and does not yield to a well or spring.

AQUIFER: A geologic formation, group of formations, or part of a formation that
is capable of yielding water to a well or spring.

AQUITARD: A geologic unit which impedes groundwater flow.

AROMATIC: Description of organic chemical compounds in which the carbon
atoms are arranged in a ring associated with special electron stability.
Aromatic compounds are often more reactive than nonaromatics.

ARTESIAN: Groundwater contained under hydrostatic pressure.

As: Chemical symbol for arsenic.

AV: AeroVironment Inc.

AVGAS: Aviation Gasoline.

Ba: Chemical symbol for barium.

BAILER: A tubular piece of equipment with a check valve at one end consisting of
a simple ball and seat arrangement. It is lowered down a well via a rope and
pulley system to collect well water samples.

BEE: Bioenvironmental Engineer
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BENTONITE: A clay formed from the decomposition of volcanic ash which has
great ability to absorb or adsorb water and to swell accordingly. It is

nommonly used to seal a groundwater well in a nonscreened area.

BES: Bioenvironmental Engineering Services.

BIODEGRADABLE: The characteristic of a substance to be broken down fron
complex to simple compounds by microorganisms.

BLS: Below land surface.

BLIND DUPLICATE: A field replicate sample submitted to a laboratory as a
routine sample for analysis without any identification as a quality control
sample. The purpose of blind duplicate samples is to monitor sampling and
analytical precision without the introduction of laboratory bias.

BNA: Base/neutral, acid fraction of priority pollutants.

BRAIDED STREAM: A stream flowing in several dividing and reuniting sections,
the cause of the division being the obstruction by sediment deposited by the
stream.

CAPILLARY FRINGE: The zone overlying the saturated zone containing capillary
interstices which may be filled with water.

CENOZOIC: The latest of the four eras into which geological time is divided.

Cd: Chemical symbol for cadmium.

CHAIN-OF-CUSTODY: The documentation of sample possession, beginning at
collection and ending at analysis. A chain-of-custody form accompanies
samples and records the data and time of each sample possession transfer.

CHRISTIE BOX: A small reinforced concrete box with locking steel cap which is
cemented to the ground. It is used to complete a well at the surface so that
the top is flush to the ground.

CLASTIC: Consisting of fragments of rocks or of organic structures that have
been moved individually from their places of origin.

CLAY: A sediment particle having a diameter less than 1/512 mm.

CONDUCTIVITY: A property of an electric conductor defined as the electrical
current per unit area divided by the voltage drop per unit length.

CONFINED AQUIFER: An aquifer bounded above and b61ow by impermeable strata
or by geologic units distinctly less permeable than the aquifer itself.

CONFINING UNIT: An aquitard or other poorly permeable layer which restricts
the movement of groundwater.
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CONSOLIDATION: The adjustment of a saturated soil in response to increased
load. Involves the squeezing of water from the pores and decrease in void
ratio.

CONTAMINATION: The degradation of natural water quality or soil to the extent
that its usefulness is impaired. This term does not imply any specific limits,
since the degree of contamination which is permissible depends on the end
use for which the water is intended.

CONE OF DEPRESSION: The depression produced in a water table or piezometric
surface by pumping or artesian flow.

Cr: Chemical symbol for chromium.

CRETACEOUS: The later of the thre periods comprising the Mesozoic era.

DBCP: Dibromochloropropane.

DH: Drill hole.

DISPOSAL FACILITY: A facility or part of a facility at which hazardous waste is
intentionally placed into or on land or water, and at which waste will remain
after closure.

DISPOSAL OF HAZARDOUS WASTE: The discharge, deposit, injection, dumping,
spilling, or placing of any hazardous waste into or on land or water so that
such waste or any constituent thereof may enter the environment or be
emitted into the air or discharged into any waters, including groundwater.

DoD: Department of Defense.

DOHS: California Department of Health Services.

DOWNGRADIENT: In the direction of decreasing hydraulic static head; the
direction in which groundwater flows.

DRILLING: Air rotary drilling.

DRINKING QUALITY WATER: Water meeting primary drinking water standards.

DRIVE CASING: A casing which is driven into a bore hole to prevent caving.

DUMP: An uncovered land disposal site where solid and/or liquid wastes are
deposited with little or no regard for pollution control or aesthetics. Dumps
are susceptible to open burning and are exposed to the elements, disease
vectors and scavengers.

EASTING: One of the two values indicating the position of a point in the California
State Plane Coordinate System, Zone 2 (see Northing).

EDB: Ethylenedibromide
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EFFECTIVE PRECIPITATION: The mean annual precipitation ninus the mean
annual evaporation.

EUA: Electromagnetic survey.

EOCENE: Strata of the Tertiary era, between the Paleocene and Oligocene.

EPA: U.S. Eniiron;nental Protection Agency.

E.P. TOXICITY: Extraction procedure toxicity, one criteria for determining
whether a material is a hazardous waste. The E.P. toxicity test is a leachate
sinulation established by EPA to determine whether toxic material will leach
from the waste over time. The test method is specified in 40 CFR 261,
Appendix II.

EPHEMERAL STREAM: A stream or portion of a stream which flows only as a
direct response to precipitation.

EROSION: The wearing away of land surface by wind, water, or chemical
processes.

EXPLOSIMETER: Monitoring device for detecting explosive gases in ambient air
by, reading percent of lower explosive limit.

FIELD BLANK: A blank sample that is kept in the sample storage area throughout
the sampling activities. After activities are over, this sample is analyzed to
see whether the storage environment has introduced contaminants to the
samples.

FLOOD PLAIN: The lowland and relatively flat areas adjoining inland and coastal
areas of the mainland and off-shore islands, including, at a minimum, areas
subject to a one percent or greater chance of flooding in any given year.

FLOW PATH: The direction or movement of groundwater as governed principally
by the hydraulic gradient.

FLUVIAL: Of, or pertaining to rivers; produced by river action.

FPTA: Fire Protection Training Area.

GC/MS: Gas chromnatograph/mass spectrometer, a laboratory instrument for
separating and identifying unknown organic compounds.

GEOPHYSICAL SURVEY: The exploration of an area in which geophysical
properties and relationships unique to the area are napped by one or more
methods.

GPR: Ground Penetrating Radar.
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GRAVEL: A collectiie term for sediments vhose particle sizes are greater than
2 r-m.

GRAVEL PACK: A gravel of particular size used to encase the area of the well
through which the groundwater enters. In this way, it acts as a conduit for
the groundwater.

GROUND PENETRATING RADAR: A method used in a geophysical survey whic
uses radar transmissions to detect a boundary between media with different
electrical and physical properties in order to locate buried objects and
ostirnate tile thickness of landfill covering layers.

GROUNDWATER: Water beneath the land surface in the saturated zone that is
under atmospheric or artesian pressure.

GROUNDWATER RESERVOIR: The earth materials and the intervening open
spaces that contain groundwater.

HARDPAN: A hard imperlious layer composed chiefly of clay and cemented by

relatively irnsoluble materials which limits thu downward rnoieinent of water.

HARM: Hazard Assessment Rating Methodology.

HAZARDOUS SUBSTANCE: Under CERCL\, the definition of hazardous
substance includes:

1. All substaices regulated under Paragraphs 311 and 307 of the
Clean Water Act (except oil)

2. All substances regulated under Paragraph 3001 of the Solid Waste
Disposal Act

3. All substances regulated under Paragraph 112 of the Clean Air
Act

4. All substances which the Administrator of EPA has acted against
under Paragraph 7 of the Toxic Substance Control Act

5. Additional substances designated under Paragiaph 102 of the
Superfund bill

HAZARDOUS WASTE: As defined in RCRA, a solid waste, or combination of solid
wastes, which because of its quantity, concentration, or physical, chemical or
infectious characteristics may cause or significantly contribute to an
increase in mortality or an increase in serious, irreversible, or incapacitating
reiersible illness; or pose a substantial present or potential hazard to human
health or the environment when improperly treated, stored, transported, or
disposed of, or otherwise managed.
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H-\ZARDOUS 'ASTE GENERATION: The act or process of producingi haznriocu

HE\VY METALS: Metallic elements, including the transition series, which include
nn', elements required for plant and animal nutrition in trace concentru.-

tiaors bit become toxic at higher concentrations.

Hg: Chemical symool for mercury.

HOLDING TIME: The amount of time after sampling in which a sample must be
analyzed or extracted, according to the EPA.

HOLLOW STEM AUGER: A method by which drilling is accomplished by rotating
the hollow stem augers into the soils. An auger's design is similar to a large

screw with protruding flights replacing the screw's threads. As augers are
"screwed" into the soils, the cuttings are brought to the surface on the

rotating flights.

HYDROCARBONS: Organic chemical compounds composed of hydrogen and
carbon atoms chemically bonded. Hydrocarbons may be straight chain,
cyclic, branched chain, aromatic, or polycyclic, depending upon arrangement
of carbon atoms. Halogenated hydrocarbons are hydrocarbons in which one or
more hydrogen atoms has been replaced by a halogen atom.

I.D.: Inside diameter.

IGNEOUS: Formed by solidification from a molteni or rDrtiallv molten state.

INDURATED: Sediments hardened by hat, pr,-, ,ir or niturA. concentration.

INFILTRATION: The movement of water through th , 'Jrface into the ground.

IRP: Installation Restoration Program.

JP-4: Jet Propulsion Fuel Number Four, rnilitar jet fuel.

JP-7: let Propulsion Fuel Number Seven, militar% jet fuel.

LEACHATE: A solution resulting from the separation or dissolving of soluble or
particulate constituents from solid waste or other man-placed medium by
percolation of water.

LEACHING: The process by which soluble materials in the soil, such as nutrients,
pesticide chemicals or contaminants, are washed into a lower layer of soil or
are dissolved and carried away by water.

LINER: A continuous layer of natural or man--made materials beneath or on the
sides of a surface impoundment, landfill, or landfill cell which restricts the
downward or lateral escape of hazardous waste, hazardous waste constituents
or leachate.
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LITHOLOGY: The description of the physical character of a rock.

LOAM: A soil composed of a mixture of clay, silt, sand and organic matter.

LOQ: Level of quantification generally considered by laboratories to be tiue to ten
times the method detection limit. This is the lowest concentration which can
he reported preciseiy.

MB: Main Base water production well.

%IAGNETOMETER SURVEY: A measurement of magnetic intensity in an area of
earth.

MDL: Method detection limit, which is the lowest concentration of a compound
which can be detected with the given laboratory method.

MEHRTEN FORMATION: A stratigraphic section comprised of volcanic-derived
angular gravels and sand, dark matic rock fragments, mudflows. It is
discontinuous, with abundant cross-bedding and cut-and-fill structures.

MEK: Methyl Ethyl Ketone.

MESOZOIC: One of the eras of geologic time, following the Paleozoic and
succeeded by the Cenozoic era.

METALS: See "Heavy Metals."

METAMORPHIC: Segregation of certain minerals into lenses and bands
accomplished by altering rock composition, texture and internal structure
through pressure, heat and the introduction of new chemical substances.

\IOGAS: 'dotor gasoline.

MONITORING WELL: A well used to measure groundwater levels and to obtain
samples.

%MSL: Mean sea level.

MUD ROTARY DRILLING: A drilling method for boring holes in the earth that
employs water to remove cuttings from the hole.

NONINTRUSIVE: Method of investigation in which information may be gained
without disturbing the object being investigated.

NORTHING: One of two values indicating the position of a point in the California

State Plane Coordinate System, Zone 2 (see Easting).

OD: Outside diameter.

02: Oxygen molecule.

OEHL: Occupational and Environmental Health Laboratory.
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O&G: Symbols for oil and grease analysis.

ORGANIC: Being, containing or relating to carbon compounds, especially in which
hydrogen is attached to carbon.

OVA: Organic vapor analysis.

OXYGEN DEFICIENCY: This occurs when air contains iess than i6% oxygen,
insufficient to support human life.

PALEOZOIC: The group of rocks deposited during the era between the Late
Precambrian and Mesozoic eras.

Pb: Chemical symbol for lead.

PCB: Polychlorinated Biphenyl; liquids used as a dielectrics in electrical equip-
ment.

PCE: Tetrachloroethene (Perchloroethylene).

PELLICULAR: A term applied to liquid adhering as films to the surfaces of
openings in the zone of aeration.

PERCHED WATER TABLE: A water table above a relatively impermeable zone
underlain by unsaturated rocks of sufficient permeability to allow ground-
water movement.

PERCOLATION: Movement of moisture by gravity or hydrostatic pressure through
interstices of unsaturated rock or soil.

PERMEABILITY: The capacity of a porous rock, soil or sediment for transmitting
a fluid without damage to the structure of the medium.

PERSISTENCE: As applied to chemicals, those which are tery stable and remain in
the environment in their original form for an extended period of time.

PESTICIDE: An agent used to destroy pests. Pesticides include such specialty
groups as herbicides, fungicides, insecti:ides, etc.

PET HC: Petroleum hydrocarbon.

pH: The negative logarithm of the hydrogen ion a, t., :hi,: i-111, ates the acidity
or basicity of a sample.

PHENOL: Total recoverable phenolics -- anr of 1,ro, (1 dic :ornpounds
analogous to phenol and regarded as hvdrox.l Ieri, tt ies of aromnaticjI hydrocarbons.

PLEISTOCENE: The earlier of the two epochs cornpr;ing the Quaterfiar\ period of
geology.
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PLUME: The spreading of a contaminant in a fanning-out manner from the source.

POL: Petroleum, oil and lubricants.

POLLUTANT: Any introduced gas, liquid or solid that makes a resource unfit for aspecific p,,rpose.
IC r-,Ir ---

POTENTIOMETRIC SURFACE: The imaginery surface to which water in an

artesian aquifer would rise in tightly screened wells penetrating it.

PPB: Parts per billion by weight, equivalent to hig/kg, or uig/l for water.

PPM: Parts per million by weight, equivalent to lg/g, or mg/I for water.

psi: Pounds per square inch.

PRECIPITATION: Rainfall.

Pt: Geological abbreviation for the pretertiary basement complex.

Ptm: Geological abbreviation for the Laguna-Mehrten transition zone.

Pv: Geological abbreviation for the Mehrten Formation.

QA/QC: Quality assurance/quality control.

Qr: Geological abbreviation for quaternary river deposits.

Qtl: Geological abbreviation for the laguna formation.

Qv: Geological abbreviation for the victor formation.

RADIAN WELLS: Groundwater monitoring wells installed by Radian Corporation in
May 1985 to monitor photowaste sludge ponds at Beale AFB. The wells were
numbered PWP-01 through PWP-04.

RCRA: Resource Conservation and Recovery Act.

RECEPTORS: The potential impact group or resource for a waste contamination
source.

RECHARGE: The addition of water to the groundwater system by natural or
artificial processes.

RECHARGE AREA: A surface area in which surface water or precipitation
percolates through the unsaturated zone and eventually reaches the zone of
saturation. Recharge areas may be natural or man-made.

RECORDS SEARCH: The IRP Records Search for Beale Air Force Base, compiled
and written by Engineering-Science.
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RESISTIVITY: A factor of the limit to a steady electric current in a conductor
that depends upon the material and its physical condition.

RFB: Request for bids.

RING SAMPLE: A soil sample taken with a two-inch diameter tubular ring.

RPD: Relative percent difference.

SAC: Strategic air command.

SAND: Particles of sediment having diameters larger than 1/16 mm (62 microns)
and smaller than 2 mm.

SANITARY LANDFILL: A land disposal site using an engineered method of
disposing solid wastes on land in a way that minimizes environmental hazards.

SATURATED ZONE: That part of the earth's crust in which all voids are filled
with water.

SCS: U.S. Department of Agriculture Soil Conservation Service.

Se: Chemical symbol for selenium.

SILT: Sediment particles having diameters larger than 1/512mm (2 microns) and
smaller than 1/16 mm (62 microns).

SLUDGE: The solid residue resulting from a manufacturing or wastewater
treatment process that also produces a liquid stream.

SOLID WASTE: Any garbage, refuse, or sludge from a waste treatment plant,
water supply treatment, or air pollution control facility and other discarded
material, including solid, liquid semisolid, or contained gaseous material
resulting from industrial, commercial, mining, or agricultural operations and
from community activities. This does not include solid or dissolved materials
in domestic sewage, solid or dissolved materials in irrigation return flows,
industrial discharges which are point sources subject to permits under Sec-
tion 402 of the Federal Water Pollution Control Act, as amended
(86 USC 880), or source, special nuclear, or by-product material as defined by
the Atomic Energy Act of 1954 (68 USC 923).

SOW: Statement of work.

SPECIFIC RETENTION: The ratio of (1) the volume of a liquid which, after being
saturated, will retain against the pull of gravity to (2) its own volume. It is
stated as a percentage.

SPIKE: A quality control check consisting of a chemical or solution of a known
concentration presented to the lab for analysis as an unknown, or the addition
of a known quantity of analyte to a sample by the analyst to assess method
accuracy.
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SPILL: Any unplanned release or discharge of a hazardous substance onto or into
the air, land, or water.

SPLIT SAMPLE: A second sample taken from the same site as the original sample
to assess sampling and/or laboratory precision; a duplicate sample.

STORAGE OF HAZARDOUS WASTE: Containment, either on a terrporat * v
for a longer period, in such a manner as not to constitute disposal of %J(, ,
hazardous waste.

Surrogate: Same as a spike (defined above).

SWL: Static water level.

TCE: Trichioroethylene.

TOXICITY: The ability of a material to produce injury or disease upon exposure,
ingestion, inhalation, or assimilation by a living organism.

TREATMENT OF HAZARDOUS WASTE: Any method, technique, or process,
including neutralization, designed to change the physical, chemical, or
biological character or composition of any hazardous waste so as to render it
nonhazardous.

UNSATURATED ZONE: Zone above the water table. Most of the time, the pore
space between soil particles in this zone is filled with air, except near
grain-to-grain boundaries where surface tension maintains a film of water
between the particles.

UPGRADIENT: In the direction of increasing hydraulic static head; the direction
opposite to the prevailing flow of groundwater.

USAF: United States Air Force.

USGS: United States Geological Survey.

VICTOR FORMATION: A stratigraphic section comprised of heterogeneous fluiial
clay-to-gravel sediments. It also contains lenticular deposits from banded
streams and is mostly made up of silty sand.

VOA: Volatile organic analysis, purgeable fraction of priority pollutants.

VOC: Volatile organic compounds.

$ VOLATILE COMPOUNDS: Those materials whose vapor pressures are sufficiently
high such that they may become concentrated in any gaseous phase that
forms; readily vaporizable.

WATER TABLE: Surface of a body of unconfined groundwater at which the
pressure is equal to that of the atmosphere.
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W ,ELL DEVELOP\ENT: The process by which a well is swabbed and pumped until
the water produced is free of sediment.

WELL SCREEN: The portion of the well casing which is situated in the water-
bearing strata and contains .02-inch slits to allow groundwater to enter the
well.

W'DC: Water Development Corporation.
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